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Abstract

Polygodial is a sesquiterpene drimane isolated from the genus Drimys, which exhibits anti-asthmatic, anti-allergic, anti-
inflammatory and antinociceptive effects. We have prepared a polygodial-β-cyclodextrin inclusion complex for further
pharmacological studies. The inclusion complex was synthesized by co-precipitation and analyzed by Thermogravimetric
Analysis, showing a decrease in the number of water molecules of hydration in relation to the native β-cyclodextrin.
Differential Thermogravimetric Analysis indicated a peak corresponding to the evaporation of polygodial. With Differential
Scanning Calorimetry, the melting peak to polygodial was not observed, however, there was an increase in the energy of
vaporization of the water molecules in relation to native β-cyclodextrin. Using a Scanning Electron Microscopy a clear
difference in the morphology of crystals of the inclusion complex and native β-cyclodextrin could be seen. The association
constant between polygodial and β-cyclodextrin, measured by UV spectroscopy was 1,006 M−1 at 37 ◦C, pH 7.0 and ionic
strength 0.2 M, following stoichiometry 1:1.

Introduction

Cyclodextrins (CDs) are cyclic oligosaccharides known for
their ability to form inclusion complexes with many lipo-
philic drugs, thereby changing their physico-pharmaceutical
properties. Inclusion complexes have a lower solubility in
water than native cyclodextrin, and can dissociate easily to
release the guest molecule. They are used in the formulation
of oral and topically-applied drugs to improve both physical
and chemical stability and bioavailability and to reduce the
incidence of side effects [1, 2].

A number of experimental techniques have been em-
ployed in the study of interactions between cyclodextrins
and guest molecules, such as fluorescence spectroscopy [3],
UV-visible spectroscopy [4, 5], solubility method [6–8],
thermal [7–10] and X-ray analysis [8–10].

The UV-visible spectroscopy technique for guests that
have a chromophoric group can be suitable for the study of
inclusion complexes in aqueous phase. The absorbance of
guests is modified by complexation; thus, the association
constant can be obtained. This is particularly important,
since only stability constants between 200–10,000 seem
to be suitable for pharmaceutical utilization. Very labile
complexes lead to premature drug release and very stable
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complexes lead to retarded or incomplete drug release in the
organism [11].

Another technique applicable to the characterization of
inclusion complexes in solid state, is the thermal analysis,
i.e., Thermogravimetric Analysis and Differential Scan-
ning Calorimetry. Tian and co-workers applied this analysis
and showed that β-cyclodextrin-cinnamic aldehyde and β-
cyclodextrin-cinnamyl alcohol can form stable inclusion
complexes improving the physical stability of the guests. In
addition, they determined the composition of these inclu-
sion complexes and the mechanism of decomposition as the
temperature increased [12, 13].

Polygodial is a sesquiterpene drimane isolated from
some Drimys species, Figure 1, which has demonstrated,
particularly in previous studies conducted by our research
group, interesting pharmacological effects, such as anti-
asthmatic, anti-allergic, anti-inflammatory and antinocicept-
ive [14–16]. It is considered a new lead for drug devel-
opment because it targets a variety of pathways involved
in pain perception and inflammation [17]. The interac-
tions between cyclodextrin and this drug could provide an
inclusion complex with improved pharmacological effects
and stability. This work describes the characterization of
polygodial-β-cyclodextrin inclusion complexes for further
pharmacological studies.
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Figure 1. Structures of β-CD and polygodial.

Experimental

Reagents and solutions

β-Cyclodextrin was obtained from Cerestar USA, Inc. Poly-
godial was previously isolated from the CHCl3 extract
of Drimys brasiliensis barks [18]. All other reagents and
solvents were of analytical grade. Freshly prepared distilled
water was used throughout the study.

Synthesis of inclusion complex

The inclusion complex was prepared using the methodology
reported by Claudy and co-workers [19]. Polygodial (3.75 ×
10−4 mols) was dissolved in 25 mL of n-hexane. A solution
of β-cyclodextrin (3.75 × 10−4 mols) was prepared in 25
mL of water. The solutions were then allowed to react for 4 h
at 50 ◦C. A white microcrystalline powder was formed, the
solid was filtered off and washed with water and hexane and
dried under vacuum for 24 h and stored at room temperature.

Instrumentation and measurement

The inclusion complex was analyzed using the following
techniques: Ultraviolet spectroscopy (UV), Thermogravi-
metric Analysis (TG), Differential Scanning Calorimetry
(DSC), Scanning Electron Microscopy (SEM).

The UV analysis was carried out in a Hitachi U-2000
Spectrometer at 247 nm, 37 ◦C, optical pathway (b) = 1.0
cm, buffer phosphate 0.01 M to pH 7.0, ionic strength
0.2 M (KCl) and [polygodial] = 6.62 × 10−5 M (acetoni-
trile:water = 1.00% (v/v)), measuring the solution absorb-
ance against a reference containing cyclodextrin at the same
total concentration [CD]t (see Equation (2)).

Thermogravimetric Analyses (TG) were performed in a
Shimadzu TGA50 at a heating rate of 5 deg min−1 under
flowing nitrogen, 50 mL min−1. Sample mass was about 12
mg. The Differential Thermogravimetric Analyses (DTG)
were carried out deriving TG data.

Differential Scanning Calorimetry (DSC) was carried out
in a Shimadzu DSC50 at a heating rate of 5 deg min−1 under

nitrogen dynamic atmosphere, 50 mL min−1. Sample mass
ranged from 6 to 9 mg.

Scanning Electron Microscopy (SEM) was carried out
in a Philips XL30 instrument using samples dispersed in
carbon and attached to aluminum discs. To improve conduct-
ivity, samples were gold coated.

Results and discussion

Determination of β-cyclodextrin-polygodial association
constant (KCDS)

UV spectroscopy was utilized to determine the association
constant. It considers the system as a single 1:1 complex
CDS (Equation (1)). The system considers Equation (2) as
the binding isotherm [20, 21];

S + CD
k1�
k−1

[CDS], (1)

KCDS = k1/k−1,

�A

b
= [S]t .KCDS.�εCDS.[CD]

(1 + KCDS.[CD])
, (2)

which can be rearranged. Its inverse yields the Scott’s
equation [20] (Equation (3));

b.[CD]

�A
= [CD]

([S]t .�εCDS)
+ 1

(st .KCDS.�εCDS)
, (3)

where b represents the optical pathway; [S]t is the total con-
centration of substrate, and �εCDS is the molar absorptivity
difference (�εCDS = εCDS − εS − εCD, using a reference
of cyclodextrin at the same total concentration [CD]t then
�εCDS = εCDS − εS). It was assumed that [CD]t � [CDS].

The Scott equation correlates the spectroscopic proper-
ties of polygodial (substrate – S) with increasing concen-
tration of cyclodextrin. From this equation it is possible to
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Figure 2. (a) Absorbance of polygodial with increasing concentration of cyclodextrin; (b) Data from “a” treated with Scott’s equation. [Polygodial] = 6.62
× 10−5 M. Ionic strength 0.2 M (KCl), pH 7.0 ([Phosphate] = 0.01 M) and 37 ◦C.

Figure 3. Electron images of the (a) inclusion complex between polygodial and β-CD and (b) native β-CD.

obtain the association constant (KCDS) from (slope)eq.3/(y-
intercept)eq.3 and �εCDS from 1/[S]0.(slope)eq.3. This con-
stant (KCDS) is 1,006 M−1 (�εCDS = 2147), and follows
stoichiometry 1:1, as shown in Figure (2b).

Scanning Electron Microscopy (SEM)

A clear difference in the morphology of the crystal forms
of the inclusion complex and β-cyclodextrin was observed.
Both have the appearance of rhomb-shaped crystals, show-
ing clear differences in sizes and angles of the faces (Figure
3).

Thermogravimetric analysis

TG and DTG plots indicated that thermal degradation of the
inclusion complex occurred in three stages (Figures 4 and
5).

The first one occurred at 32–157 ◦C, and corresponded
to the loss of water molecules of the inclusion complex.
The DTG curve (Figure 4) demonstrates that this dehydra-
tion occurred in different stages, indicating that there were
water molecules with distinct binding forces in relation to
the native β-cyclodextrin. Therefore, different energies were
required for dehydration. The area of two peaks, at 67 and

93 ◦C, corresponded to 4.2%, equivalent to three water
molecules. The TG plot (Figure 5) shows a great differ-
ence in the number of water molecules lost from the native
β-cyclodextrin compared to the inclusion complex, 12.9%
equivalent to 9.3 water molecules. Steiner and Koellner have
found that the number of water molecules decreases from
12.3 to 9.4 as the relative humidity changes from 100% to
15% at room temperature [22].

The second stage begins at 275 ◦C and continues up
to 312 ◦C, and corresponded to vaporization of polygodial
from the complex, 10.0% equivalent to 0.6 polygodial (PG)
molecules.

The last process corresponds to thermal degradation of
β-cyclodextrin, which begins at 311 ◦C.

The composition of the inclusion complex was determ-
ined by TG as β-CD.0.6PG.3H2O. The degradation of the
inclusion complex occurred as follows:

β-CD-0.6PG.3H2O → β-CD-0.6PG + 3H2O,

β-CD-0.6PG → β-CD + 0.6PG,

β-CD → Thermal degradation.



80

Figure 4. DTG analysis of pure polygodial, native β-CD and inclusion
complex between polygodial and β-CD. The arrow indicates vaporization
of polygodial from the inclusion complex. Heating rate of 5 deg min−1

under flowing nitrogen, 50 mL min−1.

Figure 5. TG from pure polygodial, native β-CD and inclusion complex
between polygodial and β-CD. Heating rate of 5 deg min−1 under flowing
nitrogen, 50 mL min−1.

Differential scanning calorimeter (DSC)

DSC analysis of native β-cyclodextrin shows an endo-
thermic peak at 25–153 ◦C, with an area equivalent to a
dehydration enthalpy of 7.49 kJ/molwater (9.31 water mo-
lecules) or 0.804 kJ/mol H2O for each water molecule. For
the inclusion complex, this process occurred at 38–190 ◦C,
with an area equivalent to a dehydration enthalpy of 2.57
kJ/molwater (3.00 water molecules) or 0.849 kJ/mol H2O to
water molecules. This shows that fewer water molecules of
hydration exist in the inclusion complex than in the native
β-CD; however, there is more energy involved in the dehyd-
ration of inclusion complex, as can be observed in Figure
6.

In general, the inclusion into the cyclodextrin cavity
causes changes in microscopic properties of the guest such
as melting point, boiling point, etc. In this case, the most
important fact is that the melting peak of polygodial is not
observed, because guest–guest interactions were completely
replaced by guest-host interactions [23]. Thus, the DSC plot
(Figure 6) shows that the inclusion of polygodial was com-
plete. However, the melting peak of polygodial is positioned

Figure 6. DSC analysis of native β-CD and inclusion complex between
polygodial and β-CD. Heating rate of 5 deg min−1 under flowing nitrogen,
50 mL min−1.

Figure 7. DSC analysis of pure polygodial and inclusion complex between
polygodial and dehydrated β-CD. Heating rate of 5 deg min−1 under
flowing nitrogen, 50 mL min−1.

in the same region of dehydration. In order to prove this fact
more clearly, the dehydration of the inclusion complex was
carried out on a sample previously heated to 130 ◦C, then
cooled, and heated again for the analysis to be performed.
The melting peak of polygodial that occurs at 20–66 ◦C was
not observed, demonstrating that inclusion was complete
(Figure 7).

Conclusion

The results showed that the inclusion complex polygodial-β-
cyclodextrin was obtained. DSC thermal analysis revealed
the absence of an endothermic peak for the melting point
of polygodial. TG showed that the stoichiometry for the
complex was β-CD.0.6polygodial.3H2O. In addition, SEM
images showed that the inclusion obtained by this tech-
nique had crystalline appearance. The KCDS of 1,006 M−1

shows that inclusion complex is sufficiently stable for oral
administration.
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