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Physicochemical Properties of the Complex of Glucosyl-B-cyclodextrin and Sesamol
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Summary: To extend the application of sesamol in the fields of food, cosmetic and medicine, the
complex of Glucosyl-B-cyclodextrin (G-B-CD) and sesamol was prepared by the freezing drying
method. According to the comparison between UV and IR spectra, the complex was maintained by
the non-covalent interaction between G-B-CD and sesamol. The disappearance of the endothermic
peak of sesamol in the DSC curve of the complex showed that sesamol in the complex had lost its
crystal state. XRD analysis showed that sesamol had been completely dispersed in the complex. And
Autodock molecular docking provided the favorable 3D supermolecular structure of the

G-B-CD/sesamol complex.
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Introduction

Sesamol (Fig. 1) is one of the important
functional components in the sesame oil. Its reported
biocactivities include antioxidant, anticardiovascular,
antibacterial and anti-inflammatory activities [1-3]. But
in its practical application, the poor aqueous solubility
and heat stability of sesamol is also noticed which
restricts its application fields and decrease the
bicavailability. The method forming the complex with
B-cyclodextrin is widely used to improve the stability
and stability of bioactive compounds in the aqueous
solution [4, 5]. For its poor solubility (1.85 ¢/100 mL at
25 °C) and hemolytic activity, the application of
B-cyclodextrin (B-CD) was gradually placed by its
derivatives such as glucosyl-p-cyclodextrin (G-p-CD),
hydroxypropyl-p-cyclodextrin (HP-B-CD),
hydroxyethyl-B-cyclodextrin (HE-B-CD),
methyl-beta-cyclodextrin (M-3-CD) [6-8]. G-p-CD (Fig.
2) is the enzymatic modification product of B-CD.
Compared with B-CD, it possesses the higher safety and
aqueous solubility [9, 10]. To the best of our knowledge,
there is no report about the complex of sesamol and
G-B-CD. In this study, the complex of G-B-CD and
sesamol was prepared by the freezing drying method.
And its physicochemical properties were characterized

by UV, IR, DSC, XRD and molecular docking
technology.
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Fig. 1:  Chemical structure of sesamol.
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Fig. 2:  Chemical structure of G-p-CD.
Experimental
Chemicals
G-B-CD was the product of Seebio

(Shanghai, China). Sesamol was purchased from
Aladdin (Shanghai, China).

Preparation of the complex

G-B-CD (1.297 g) and sesamol (0.138) were
mixed and stirred in 30 mL of water at 30 °C. After
24 h, the mixture was filtered under vacuum. The
supernatant was freezing-dried to obtain the complex.
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Preparation of the physical mixture

The G-p-CD (1.297 g) and sesamol (0.138)
were mixed and stirred in a beaker. The obtained
powder was collected as their physical mixture.

UV measurement

The UV spectra of sesamol, G-B-CD,
complex and mixture in water were recorded on a
PERSEE UV spectrometer (Beijing China). The UV
scanning range was from 220 to 400 nm.

IR measurement

The IR spectra of sesamol, G-B-CD,
complex and mixture were measured by using the
KBr disc method [11]. The IR spectra were recorded
on a Bruker IR spectrometer with the scanning range
of 400-4000 cmtand the resolution of 4 cm™.

DSC measurement

The DSC curve of sesamol, G-B-CD,
complex and mixture were obtained on a TA
differential calorimeter. During the measurement,
each sample was heated from 50 to 190 °C with the
rate of 10 °C/min under nitrogen.

XRD measurement

The XRD graphs of sesamol, G-B-CD,
complex and mixture were recorded on a Bruker
X-ray diffractometry. The scanning range of 20 was
10-80° with the radiation wavelength of 1.54056 A.

Molecular docking method

According to the previous method [12], the
favorable 3D supermolecular structure of the
G-B-CD/sesamol  complex was generated by
Autodock 4.2 software in this study. The
optimization was carried out by using the genetic
algorithm method with the energy evaluations of
50000 and the generations of 27000.

Results and Discussion
UV analysis

The UV technology can reflect the changes
of the unsaturated bonds during the reaction [13]. The
UV spectra of sesamol, G-p-CD, complex and
mixture were shown in Fig. 3. For the nature of
carbohydrate, there was no significant absorbance
was found in the UV spectrum of G-p-CD. The
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spectra of sesamol, complex and mixture exhibited
the maximum absorbance peak at 295 nm, which
suggested there was not the formation of new
unsaturated bonds during the preparation of the
sesamol/G-B-CD complex.
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Fig. 3: UV spectra of G-p-CD (1), sesamol (2),
complex (3) and mixture (4).
IR analysis

The IR spectroscopy is widely applied to
clarify the interactions between CDs and guest
molecules [14]. As shown in Fig. 4, the IR spectrum
of G-B-CD exhibited the characteristic peaks of O—H
stretching vibration (3392 cm®), C—H stretching
vibration (2930 cm®) and C—O stretching vibration
(1033 cm™). For sesamol, its characteristic peaks
were found at 3116 cm* (phenolic hydroxyl group),
1470 and 1629 cm™ (aromatic ring). In the IR spectra
of their mixture, both the characteristic peaks of
G-B-CD and sesamol could be observed. And the IR
spectrum of their complex also showed the mixture
of the spectra of G-B-CD and sesamol, which
suggested that G-p-CD and sesamol could form the
complex by non-covalent interaction.
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Fig. 4: IR spectra of G-B-CD (1), sesamol (2),

complex (3) and mixture (4).
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DSC analysis

Fig. 5 showed the obtained DSC curves of
sesamol, G-B-CD, complex and mixture. The DSC
curve of sesamol showed a significant endothermic peak
at 64.35 °C, which coincided with the melting point of
sesamol. And this endothermic peak could be also
observed in the DSC curve of the mixture. But this
endothermic peak disappeared in the DSC curve of the
complex. It could be concluded that sesamol in the
complex had lost its crystal state, which could prove the
formation the inclusion complex [15].
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Fig.5:  DSC curves of G-B-CD (1), sesamol (2),
complex (3) and mixture (4).
XRD analysis

The XRD patterns of sesamol, G-B-CD,
complex and mixture was demonstrated in Fig. 6.
G-B-CD had a big peak at 18.8° for its amorphous
property while sesamol exhibited a lot of sharp peaks
between 13° and 32° for its crystal state. For the mixture,
its XRD curve showed the characteristic peaks of
sesamol and G-B-CD. But the XRD curve of the
complex only exhibited the characteristic peak of
G-B-CD. It could be referred that sesamol had been
completely dispersed in the complex [16].

Molecular docking analysis

Molecular docking technology is widely used
to clarify the binding modes between proteins and
ligands [17, 18]. In this study, it was applied to obtain
the interaction modes between G-p-CD and sesamol.
The favorable 3D supermolecular structure of
G-B-CD/sesamol complex was provided by Autodock
4.2 (Fig. 7). It was found that the whole molecule of
sesamol entrapped into the cavity of G-B-CD. And the
complex was maintained by hydrogen bonding, which is
coincided with the results of UV and IR.
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XRD patterns of G-B-CD (1), sesamol (2),
complex (3) and mixture (4).
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Fig.7: 3D supermolecular structure of

G-p-CD/sesamol complex.
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Conclusions

The complex of G-B-CD/sesamol was
prepared by the freezing-drying method in this study.
According to the UV, IR, DSC and XRD analysis,
sesamol in the complex had been completely
dispersed in G-pB-CD, which interacted with G-p-CD
by non-covalent bonds. The Autodock molecular
docking analysis suggested that sesamol entrapped
into the cavity of G-p-CD, and the complex was
maintained by hydrogen bonding.
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