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Fluconazole-Beta-Cyclodextrin Inclusion Complexes.
Preparation and Characterization in Solid State
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Abstract: Fluconazole is a bistriazole derivative with antifungal activity. The major weak points of
fluconazole are the development of antifungal resistance and low water solubility, which impairs its
administration. Binary systems between fluconazole and beta-cyclodextrin were prepared with the aim
of obtaining a new delivery system that will overcome the limitations of fluconazole administration.
Using two feasible laboratory methods, inclusion complexes between fluconazole and beta-
cyclodextrin were obtained. Thermal and spectroscopic analyses were used to characterize the
inclusion complexes.
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1. Introduction
Fluconazole (2-(2,4-difluorophenyl)-1,3-bis(1,2,4-triazol-1-yl)propan-2-ol, IUPAC), is a bis-
triazole derivative with antifungal activity (Figure 1) [1].
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Figure 1. Structural formula of fluconazole

Fluconazole (FLU) is a fungistatic agent being predominantly active against Candida species,
Cryptooccus neoformans, Histoplasma, Blastomyces and Coccidioides species. Fluconazole is mainly
indicated for the treatment and prophylaxis of disseminated and deep organ candidiasis in both normal
and immune compromised patients and is considered the agent of choice for the treatment of
cryptococcal meningitis and for prophylaxis of cryptococcosis in AIDS patients. Fluconazole has
shown only weak activity against Aspergillus species [2-4].
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Fluconazole has a very good oral bioavailability which is not influenced by the gastrointestinal pH
or by the presence of food [1]. The drug is widely distributed into organism and penetrates the blood-
brain barrier. The elimination long-life of FLU is ranging from 27 to 34 h and plasma protein binding
is less than 10% [2]. The drug is excreted mainly unchanged in the urine, a small amount of it is
excreted in the feces (10%); the hepatic metabolism is negligible. Oral administration of FLU may
cause gastrointestinal side effects, irritation and hepatotoxicity [5]. Fluconazole is administered orally
and intravenously as a free base; 2 mg of drug is dissolved in 1 mL of isotonic sodium chloride or 5%
dextrose [2]. FLU is an interesting molecule being classified as belonging to two different BCS classes
(class 1/3) [6] and it has structural flexibility, hydrophobic and hydrogen bonding capacity [7]. The
structure of fluconazole contains two weak basic nitrogen rings linked to a propan-2-difluorophenyl-2-
ol chain, which gives the molecule hydrophobic properties and larger size. The molecule contains a
propane chain enabling the rotation and twisting of the C-C and C-N bonds. The compound has poor
water solubility, of only 1 mg/L (at room temperature), yet the 1,2,4-triazole rings give the molecule
some hydrophilicity to balance the lipophilicity of the 2,4-difluorophenyl group [8].

Cyclodextrins (CDs) are macrocyclic oligosaccharides composed of a-(1,4) linked glucopyranose
units, able to form host-guest complexes, through van der Waals forces, hydrophobic interactions and
hydrogen bonding with various molecules including pharmaceutical substances [9-12]. Encapsulation
of drugs by CDs may improve physico-chemical properties, such as water solubility, dispersibility, and
bioavailability, which are desirable for obtaining pharmaceutical formulations with enhanced
therapeutic effect [13,14].

The potential of natural and chemically modified CDs to enhance the performances of biocides has
been highlighted by researches in the field [15]. The use of cyclodextrins to improve bioavailability of
drugs in pharmaceutical industry relies also on their favorable toxicity profile and biodegradability
[16-18].

Beta-cyclodextrin, C42H7003s, (Figure 2) is a native water-soluble cyclodextrin comprising seven
glucopyranose units, widely used in pharmaceutical research to improve drug properties due to its
excellent ability to accommodate hydrophobic aromatic rings [8]. Fluconazole may accommodate into
electron-rich hydrophobic cavity of a cyclodextrin due to its hydrophobic capacity represented by the
aromatic rings. The three sp® carbon atoms of the propane chain contribute to reduce the spatial
hindrance and the proton of the hydroxyl group and the nitrogen atoms are donors/acceptors for
hydrogen bonding interactions with the cyclodextrin [7].

Improving the dissolution properties of FLU by means of CD complexation may enhance its
bioavailability and antifungal properties. The enhancement of water solubility of FLU by
complexation with B-CD was reported by previous researches [7, 19, 20].
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Figure 2. Structural formula of -CD.
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Following these considerations, in this study we have proposed to investigate the obtaining and
characterization of inclusion complexes between FLU and B-CD in solid state, with the purpose of
further investigation of improvement of solubility of FLU and of antifungal and antibiofilm properties
of these inclusion complexes.

Inclusion complexes were obtained using two simple preparation methods, namely the physical
mixture and the kneaded methods, in three molecular drug:CD ratio of 2:1, 1:1 and 1:2, respectively.
Powder X-ray diffractometry (PXRD), Fourier transform infrared spectroscopy (FTIR) and differential
scanning calorimetry (DSC) were used to characterize the interactions in solid state between the
components of the supramolecular structure.

2. Materials and Methods

Fluconazole (M: 306.277 g/mol; water solubility: 1 mg/L) was received from Gedeon Richter
(Targu Mures, Romania),B-cyclodextrin (M: 1135 g/mol) was purchased from Fluka (Sigma Aldrich
Chemie, GmbH, Germany) and ethanol from Chimopar (Bucharest, Romania). All the reagents were
of analytical grade and distilled water was used in all the experiments.

Preparation of physical mixtures

The physical mixtures (PMs) of FLU with B-CD were prepared in 2:1, 1:1 and 1:2 molar ratio.
Exactly weighed amounts of FLU and B-CD were mixed in a mortar with a pestle until a homogeneous
mixture was obtained.

Preparation of kneaded products

The kneaded products (KPs) of FLU with B-CD were prepared in 2:1, 1:1 and 1:2 molar ratio
(FLU: B-CD). The active drug and B-CD were homogenized in a mortar with a pestle and a 50% (w/w)
aqueous ethanol solution was added corresponding to the molar ratio. The kneading process was
continued until the whole solvent was evaporated. The resulting paste-like product was dried at 105°C
until constant weight and then turned into a powder.

Differential Scanning Calorimetry

Differential scanning calorimetry was used to determine the thermal behavior of FLU, B-CD, the
physical mixtures and the kneaded products. Measurements were assessed using a Mettler Toledo
STAR Thermal Analysis System, DSC 821 (Mettler Inc., Schwerzenbach, Switzerland).
Approximately 2-3 mg of active material or product was examined, in the following parameters:
heating rate — 5°C/min, Ar flow rate 10L/h, the temperature range 25-300°C. X-ray Powder
Diffractometry. The X-ray spectra were recorded using a Rigaku Ultima IV instrument operating at 40
kV and 40 mA, CuKa radiation.

Fourier Transform Infrared Spectroscopy
The FTIR spectra were recorded with a Shimadzu Prestige-21 spectrometer in the range 400-4000
cm* with a resolution of 4 cm™. Was used the KBr pellet method.

3.Results and discussions
In order to obtain accurate information about the presumed formed inclusion complex, several
analytical tools are used and their results are then, corroborated.

Differential Scanning Calorimetry

Differential scanning calorimetry represents a useful thermo-analytical method providing valuable
information for the characterization of the inclusion complexes [14]. DSC is a reliable, simple and fast
investigation method enabling the recognition of an inclusion complex and the characterization of its
thermal stability [7]. The solid-state modifications observed for the inclusion complex are measured as
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a function of a controlled temperature program. Thermal curves of the host, guest and the inclusion
complex are compared, generally searching for alteration of the peak area and /or shape, a shift of the
melting point of the guest, an increase / decrease in the number of peaks of the guest [14,21].

The thermo analytical characterization of FLU and B-CD are represented in Figure 3.
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Figure 3. DSC curve for FLU and for -CD

The FLU thermogram (Figure 3, left) shows a sharp endothermic peak at 139.62 °C which
corresponds to the melting point of fluconazole, the obtained value being within the reported melting
range (138-140 °C) [7,22]. The DSC curve of B-CD is characterized by a broadened endothermal
effect ranging between 50-125 °C, with a maximum at 75.32 °C, corresponding to its dehydration. The
decomposition of the molecule takes place above 300 °C, as can be notice from the Figure 3, right the
shoulder-like form that suggest the beginning of this endothermic process.

The DSC thermograms of the PMs are presented in Figure 4.
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Figure 4. DSC curve for FLU-B-CD physical mixture products

In the case of the physical mixtures, the characteristic peaks of FLU are evidenced. Around 90+1°C
one can notice a sharp endothermic peak representing the dehydration of the B-CD. The second
significant endothermic effect is located around 138 °C and is attributed to the melting of FLU. The
intensity of the recorded endothermic effect varies according to the molar ratios used between the two
components. The small exothermic effect located around 220 °C, present on all the curves may be due
to the crystallization of an intermediary compound formed in the mixing process.
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The thermograms of the kneaded products are presented in Figure 5.
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Figure 5. DSC curve for FLU-B-CD kneaded products

All the DSC curves recorded for the kneaded samples presented an endothermic effect around
56+2 °C, which is justified by the water removal. In the case of the KP 2:1, one can notice several
effects: the endothermic effect located at 137.77°C represents the melting of FLU, the exothermic
effect at 156.26°C can be attributed to the crystallization of the newly formed inclusion complex, the
endothermic effect located at 241.85 °C is due to the melting of the newly formed entity; after 250°C it
can be observed another endothermic effect linked to the thermal decomposition. In the case of KP 1:1
(Fig. 5), at 138°C is evidenced a small endothermic peak, characteristic for the melting of the FLU; a
sharp endothermic peak located at 230.34 °C indicates the melting of the formed inclusion complex,
further decomposed at 279.81°C. For the KP 1:2 (Figure 5), around the specific thermal range for FLU
melting, no endothermic effect was recorded, suggesting an amorphisation process/ inclusion complex
formation. Due to the high amount of cyclodextrin, only a small endothermic effect is noticed at
278.65 °C, representing the decomposition.

Powder X-ray diffractometry

Powder X-ray diffractometry is a non-invasive technique used to determine the identity of a
substance and the crystallinity degree or amorphization. The information obtained from PXRD is very
often used to ascertain the results obtained from DSC analysis. The analysis consists in comparison of
diffractograms of pure components with the diffractogram of the presumed inclusion complex. The
shifting / changes of the characteristic peaks of the guest are considered indicative of the formation of
a new solid form [23, 24].

PXRD patterns of FLU, B-CD and their binary systems are shown in Figure 6.
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Figure 6. PXR diffractograms
of FLU and B-CD

In the diffractogram of FLU one can notice several distinct diffraction peaks, attributable to its

crystalline structure at 9.9, 16.00, 1

9.0 and 20.0 degrees (260).

The diffractogram of B-CD revealed the characteristic peaks of a crystalline material. The
diffraction patterns of FLU and B-CD are in good agreement with those obtained by Li et al [7].
Figures 7 and 8 present the PXRD patterns of PM and KPs
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The X-ray spectra of each inclusion compound did not represent the superimposed spectra of FLU
and B-CD, indicative of an inclusion/amorphisation process.

The PXRD patterns of PMs reveales the presence of the characteristic peaks of FLU, in addition to
the B-CD peaks, with reduced intensities. A significant difference was observed in the X-ray patterns
of KPs as compared to those of individual materials. The disappearance / the marked reduction of
intensity of FLU characteristic peaks suggests a strong interaction between the FLU and B-CD.

Moreover, one can notice a greater degree of amorphization as compared to the PM products.

These results are in good agreement with the DSC analysis which clearly indicated, the formation
of a new distinct compound.

Fourier Transform Infrared Spectroscopy

Fourier-transform infrared spectroscopy represents a valuable complementary technique for
identification of inclusion complexes. As in previously described techniques, spectra of the guest, host
and inclusion complex are compared, searching for alteration in the guest spectrum, due to
modification of the environment around the guest molecule, as a consequence of inclusion. Changes in
the characteristic bands of the guest molecule: disappearance, broadening, modification of peak
intensity, shifts in their wave number support the inclusion [25].

The spectra of FLU and B-CD are presented in Figure 9.
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Figure 9. FTIR spectra of FLU and -CD

The FT-IR spectrum of FLU is characterized by the presence of the vibrational bands located at:
1620 and 1514 cm™ attributed to C=C stretch aromatic ring; at 1502 and 1417 cm due to triazole ring
stretch; at 1271 cm™ for C-F stretch; at 1138 cm™ for triazole ring breathing; at 1026 cm™ for C-H
aromatic ring; at 960 cm™ and 846 cm™ for C-H triazole ring. Also, one can notice the presence of a
broad band in the range 3600-2500 cm™ due to hydrogen bonded O-H stretching vibrations. The results
were similar to the results obtained by Klein Teleginski and co-workers [22].

The spectrum of B-CD reveals a wide absorption band, at 1200-1000 cm, characteristic for the
glucopyranosic ring and a broad —OH stretching absorption band in the 3000 cm™ domain, in
agreement with the results reported by Kelemen et al. [19].

The spectra of physical mixtures are presented in Figure 10.

Rev. Chim., 71 (3), 2020, 325-334 331 https://doi.org/10.37358/RC.20.3.8005


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev. Chim.1949

4000 3500 3000 2500 2000 1500 1000 500
— T - T - 1T v 1 T 1

80
60

40

Transmittance(%)

20

0

80
60

40

Transmittance(%)

20

80
60

40

Transmittance(%)

20

PR RPN SRR NRPU NN P NP
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 10. FTIR spectra of FLU-B-CD
physical mixtures

In the absorption spectra of the PMs of FLU with $-CD one can notice the shifting / disappearance
of some characteristic bands of FLU, namely, the shifting of the 1417 cm™ band ( PM 2:1 and PM 1:2)
and the 960 cm™ band (PM 2:1), the disappearance of the 960 cm™ band (PM 1:1, PM 1:2). Also, we
noticed the shifting of the C-F stretching characteristic band at 1273 cm™ for the PM 1:1.

The IR spectra of the KPs are shown in Figure 11.
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Figure 11. FTIR spectra of FLU-B-CD
kneaded products
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Analyzing the spectra of KPs, we observed for the 2:1 product, the shifting of the 960 cm™ band,
for the 1:1 product the shifting of the 1502 cm™ and 1417 cm™ bands and the disappearance of the
bands at 1138 cm™ and at 960 cm™. For the 1:2 product, we observed the shifting of the 1502 cm?,
1417 cm™ and 1138 cm™ bands and the disappearance of the 960 cm™ and 846 cm™ bands. One can
also notice the shifting/disappearance of the C-F characteristic band at 1273 cm™ for the KP 1:1/KP
1:2.

Changes in FT-IR spectra of the inclusion complexes demonstrated the interaction between FLU and
B-CD, in all cases.

4. Conclusions

In this paper, we presented the obtaining and characterization in solid state of inclusion complexes
between FLU and B-CD. The inclusion complexes were prepared using two feasible laboratory
methods, namely physical mixture and kneaded method and the experimental techniques were DSC,
PXRD and FTIR.

The DSC curves obtained for the PMs and the KPs were not a superposition of the DSC curves of
the FLU and B-CD, indicating a new molecular arrangement between the components. The best results
in terms of amorphisation capacity of the CD were obtained for the KPs 1:1 and 1:2. The data obtained
from the X-ray and FT-IR analyses, corroborated with the DSC results, confirmed the formation of a
new solid product with different spectral and thermal properties in relation to the pure FLU and 3-CD.
Analyzing all the results, the FLU- B-CD inclusion complexes obtained by kneaded method in molar
ratio of 1:1 and 1:2, with the greatest amorphisation degree and potential improved aqueous solubility,
will be used for further antifungal and antibiofilm investigations.
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