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Abstract

Fisetin (3, 7, 3', 4-tetrahydroxyflavone) is an active ingredient characterized
by a large spectrum of biological activities with a wide range of nutraceutical
properties, including neuroprotecting, antidiabetic and suppression or
prevention of tumors. The only drawback limiting its use is its low water solubility.
The present work was focused on the solubility improvement of fisetin using
spray-drying solid dispersion method, using also cyclodextrin polymers and
which is extensively employed as technique to enhance poorly-water soluble
compounds. Fisetin solubility was evaluated in the presence of poly-aB-CD,
poly-ay-CD, poly-aBy-CD and poly-methyl-B-CD by Higuchi solubility study.
Spherical Amorphous solid dispersion formulations were prepared using poly-
methyl-B-CD (choice of the polymer was based on the better results of solubility
study) at different ratios drug: polymer (1:1) and (1:3). In addition, different
formulations were investigated using several techniques such as: Fourier
Transformed Infrared Spectroscopy (FT-IR), Differential Scanning Calorimetry
(DSC), Thermogravimetric Analysis (TGA), NMR and Scanning Electron
Microscopy (SEM). The in vitro dissolution was performed in water at 37°C.
The results of dissolution studies showed a complete dissolution observed with
the formulation ratio 1:3 while the formulation ratio 1:1 showed a maximum
dissolution rate about 59%. This difference is due to the formation of water-
soluble inclusion complex and on the other hand to the high hydrophilicity of the
cyclodextrin polymer.
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the drug from crystalline to amorphous state [16]. Various solid
dispersion preparations of hydrophilic carrier/poorly water soluble
drugs demonstrating the improvement of its solubility have been
reported in the literature. Borba et al. showed that sodium alginate
was successfully used as carrier in solid dispersion and demonstrated
to be able to improve the apparent solubility of telmisartan (up to
16.7 fold) [17]. Another study was performed by Yuvaraja et al. which
consists of using native cyclodextrins in solid dispersion formulation

Introduction

Fisetin (3, 7, 3', 4'-tetrahydroxyflavone) is a flavonol that belongs
to the flavonoid group of polyphenols which is present in some fruits
and vegetables [1] including strawberries [2], apples [3] and grapes
[4]. It is characterized by a large spectrum of biological activities,
which include: anti-inflammatory [5], antioxidant [6], apoptotic and
anti-proliferative [7,8] action. Recently, fisetin has shown anti-cancer

activity, in studies performed in vitro and in vivo, against several
cancer types such as: lung cancer [9], prostate cancer [10], colon
cancer [11] and breast cancer [12]. Fisetin is Class II drug according
to BCS classification, its low solubility (<1 mg/mL) [13] and its low
bioavailability are the limiting factors of its administration in vivo.
To improve the dissolution rate of poorly water soluble drugs, several
techniques were used such as particle size reduction (formation of
micro- and nano-systems), formation of water soluble complexes
[14] and amorphous solid dispersion preparations [15].

The solid dispersion technique is one of the most strategies used
to improve oral bioavailability of poorly-water soluble drugs. It offers
several advantages for enhancing drug solubility such as: (i) reduced
particle size and thus the surface area is improved and increased
dissolution rate ; (ii) improved wettability and this parameter
dependent on the characteristic of drug carrier; (iii) transferring

to enhance the solubility of carvedilol [18].

In the case of fisetin, several studies have been made to improve
its water solubility and therefore its bioavailability. Among the latter,
the nanoemulsion formation [19], liposome formulation [20,21],
complexation with dimer of cyclosophoroase [22], cocrystallization
with another substance [23] and formation of inclusion complex with
natural cyclodextrins [24,25].

Native cyclodextrins o, p and y are cyclic oligosaccharides derived
primarily from starch by enzymatic degradation of this later and
constituted by six, seven and eight glucopyranoside units; respectively.
Cyclodextrins have a truncated conical shape and characterized by a
hydrophilic outer surface and a hydrophobic internal cavity thus able
to host other hydrophobic molecules forming inclusion complexes.
The formation of the inclusion compounds greatly modifies the
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physical and chemical properties of the guest molecule, mostly in
terms of water solubility. This is the reason why cyclodextrins have
attracted much interest in many fields, especially pharmaceutical
applications [26]. In the literature, some published papers have
reported the interaction between fisetin and native cyclodextrins
(mainly B and y cyclodextrins) [24,27].

The aim of this work was to improve the solubility and the
dissolution rate of fisetin by preparing amorphous solid dispersion
using new polymers based on cyclodextrins (poly-aB-CD, poly-
ay-CD, poly-afy-CD and poly-methyl-B-CD) as a hydrophilic
carrier, which is characterized by higher water solubility and greater
complexing property than nature cyclodextrins. The physicochemical
characterizations were performed using different techniques such
as DSC, TGA, FT-IR spectroscopy, NMR and SEM. The in vitro
dissolution was performed in water at 37°C to evaluate the efficacy
of the polymers on fisetin release. The Sink conditions were provided
throughout the experiments.

Experimental Methods

Materials

Native cyclodextrins a, p and y were ordered from Wacker
(France). Citric acid and sodium phosphate dibasic were supplied
by Sigma Aldrich (France). Fisetin was received from BiosynTec
(China). Ethanol was obtained from VWR (France).

Preparation of co- and terpolymer Poly-aB-CD, Poly-ay-
CD, poly-aBy-CD and poly-methyl-3-CD

The copolymer Poly-ay-CD was synthesized according to M.Skiba
[28]. Briefly, a mixture of known amount (w : w) of cyclodextrin a,
y, citric acid and sodium phosphate dibasic was transferred into a
reactor which was maintained at temperature ranging between 140-
150 °C for 15 to 30 min. the obtained solid form was dissolved in water
and dialyzed using polyether sulfate membrane filter with molecular
weight cut of 10000 Da. The dialysis was controlled by measuring the
conductivity of the purified water at TO and after 4 hours of dialysis,
the resulted solution was spray-dried using Biichi Mini Sprayer Dryer
B-290. Spray-dryer parameters were validated by preliminary works
and were as follow: inlet temperature: 130°C; outlet temperature 80-
85 °C; aspiration 70%; pump: 10% and pressure: (-45 mbar). The same
procedure was used to synthesis the poly-aB-CD, poly-afy-CD and
poly-permethyl-p-CD.

Phase solubility study

Phase solubility studies of fisetin were performed according to the
method reported by Higuchi and Connors. Excess amounts of fisetin
were added to amber glass flasks containing 5 mL of an aqueous
solution of increased concentration of cyclodextrin copolymer:
poly-ap-CD, poly-ay-CD, poly-apy-CD and poly-permethyl-B-CD,
agitated in a thermostatically water bath maintained at 37+0.2 °C
during 7 days. Samples were centrifuged, diluted and analyzed by
UV-spectrophotometry (A=360 nm; UV-1600 PC).

Solid dispersion preparation

A Biichi 290 nozzle type mini spray dryer (Flawil, Switzerland)
was used for the preparation of fisetin-loaded solid dispersion using
cosolvent method. Two solid dispersions were prepared with 1 g of
fisetin and 1-3 g of poly-methyl-p-CD polymer in the weight ratio 1:1

and 1:3. Fisetin was dissolved in 230 mL of ethanol and the polymer
was dissolved in 460 mL of water. The two solutions were mixed
during 1h and delivered to the nozzle with 1.4 mm diameter, flow
rate of pump at 15 % and spray-dried at 95+1 °C inlet temperature
and 55+1 °C outlet temperature. The flow rate of the drying air was
maintained at the aspirator setting of 80 % which indicated the
pressure of the aspirator filter vessel as -45 mbar. The direction of air
flow was the same as that of sprayed solution.

Preparation of physical mixture

The Physical Mixture (PM) was prepared through simple
homogenization of fisetin and polymer powders with a mortar for
10 min in the ratio of 1:1 and 1:3 (w/w) until obtaining an apparent
homogeneous powder and preserved in closed glass flasks.

Characterization of solid dispersions

Thermogravimetry analysis: The thermal stability of complexe
fisetin/poly-methyl-B-CD, (poly-methyl-3-CD) and
also the physical mixtures were investigated using TGA 4000
thermogravimetric analyzer (TA instrument, PerkinElmer, USA). 1-3
mg of sample was heated at a rate of 10°C/min from 30°C to 400°C
under dynamic nitrogen atmosphere. The upper limit of thermal
stability of samples was taken as the initial sample weight loss.

polymers

Differential scanning calorimetry: Thermal analysis was
conducted on PerkinElmer 6 DSC (USA). Samples (5-6 mg) were
hermetically sealed in a flat-bottomed aluminum pan and heated
from 30 to 400°C at a scanning rate of 10°C/min under a nitrogen gas
flow. An empty aluminum pan was used as reference. The DSC cell
was calibrated with indium (Tpeak 156°C) and zinc (Tpeak 419°C).

Fourier transformed infrared spectroscopy: The FT-IR spectra
of fisetin, polymers, physical mixture and solid dispersion were
acquired on a PerkinElmer SpectrumTM One Fourier-Transform
Infrared (FT-IR) Spectrophotometer. Samples were scanned at room
temperature from 4000 to 450 cm™ and at a spectral resolution of 2
cm and 10 scans were performed for each sample.

Scanning electron microscopy: The external morphology of
solid dispersion formulations was studied using a FEI QUANTA
200 scanning electron microscope. Samples were fixed with a ribbon
carbon double-sided adhesive and covered with a fine layer of carbon
and analyzed.

NMR spectroscopy: 1H NMR spectra was used to determine the
chemical shift changes of drug protons resulting of its interaction and
insertion into the hydrophobic cavity of cyclodextrin. It was recorded
at 22°C on a Bruker AVANCE III 400 NMR spectrometer using a
presaturation of the water resonance, 32 K data points, a recycling
delay of 2 s and a spectral width of 10 ppm. Samples were prepared
by dissolving 1 to 2 mg of solid samples in Deuterated Water (D,O).
Setting the water resonance at 4.75 ppm referenced the chemical
shifts. IH-NMR peak assignment was established from published
data and by using basic correlation experiments.

In vitro dissolution

The dissolution study was performed in USP type II dissolution
apparatus II (Vankel, VK7000). Briefly 22 mg of free fisetin or its
equivalent of fisetin-loaded spray-dried dispersion formulations and
physical mixtures were added to vessel containing 1 L of water at

Submit your Manusecript | www.austinpublishinggroup.com

Austin J Biotechnol Bioeng 8(1): id1106 (2021) - Page - 02



Skiba M

Austin Publishing Group

37£0.2 °C with paddle speed of 100 rpm for 90 min. Two milliliters
sample was withdrawn, replaced with fresh medium and then
analyzed using UV-spectrophotometry (A=360 nm; UV-1600 PC).
Each experiment was conducted in triplicate and Sink conditions
were provided throughout the experiments.

Results

Phase solubility studies

The phase solubility diagram at 37°C was obtained by plotting the
equilibrium concentrations of fisetin against polymer cyclodextrins
concentrations. Its solubility profile in various concentrations of
cyclodextrin co- and ter-polymers was significantly increased as
it was shown in Figure 1. A better result was observed with poly-
methyl-B-CD and poly-ay-CD. According to Higuchi an Connors
phase-solubility diagram classification [29], the solubility diagram of
the complex fisetin/poly-methyl-p-CD and fisetin/ poly-ay-CD can
be classified as type An which is characterized by the formation of
soluble inclusion complex between the guest and the host molecules
and it was present in the aqueous solution [30]. The slope value was
calculated from the linear plot of the phase solubility diagrams of
poly-methyl-B-CD and poly-ay-CD; it was equal to 0.015 and 0.013;
respectively. Moreover, the slope values were lower than one which
indicate that the inclusion complex was about 1:1 molar ratio between
the fisetin and the cyclodextrin polymers, as it was reported by Doile
et al. [31]. The fisetin solubility in water was increased to 3.71 mg/
mL and 2.96 mg/mL so 42-fold and 33-fold when poly-methyl-B-CD
and poly-ay-CD; respectively; were used in concentration of 800 mg/
mL compared to its initial solubility in water without CDs which is
around 89 pg/mL. According to these results, poly-methyl-p-CD was
chosen to be used for the preparation of solid dispersion formulations
at different ratios.

Characterization of solid dispersions and inclusion

complex

The DSC thermograms of physical mixtures and solid dispersion
formulations were shown in Figure 2 and also the thermograms of
polymer (poly-methyl-B-CD), fisetin powder (as received) were
shown for reasons of comparison. It was reported in the literature
that the DSC analysis can be used to identify the inclusion complex
formation between the guest (drug) and the host (cyclodextrin
polymer). When the drug was embedded in cyclodextrin cavities, their
melting peak generally could be disappeared [32,33]. The DSC curve
of poly-methyl-p-CD showed several peaks between 200-230 °C while
the DSC thermogram of fisetin powder showed an endothermic peak
at 330°C with the enthalpy of fusion was 169.93 J/g; corresponding
to the melting peak of crystalline drug but this latter disappeared
completely in the solid dispersion formulations prepared by spray-
drying with poly-methyl-p-CD as carrier and their corresponding
physical mixtures as shown in Figure 2. On the other hand, the
melting peak of poly-methyl-B-CD was represented by a broad peak
with reduced intensity. However, the absence of fisetin peak in solid
dispersion formulations was the consequence of complete drug
amorphization resulting in complete drug miscibility in polymer
matrix which is due to fisetin:poly-cyclodextrin interactions and/or
suggested the formation of inclusion complex [34].

The thermogravimetric analysis is performed to evaluate the
thermal stability of poly-methyl-p-CD, fisetin, physical mixtures and
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Figure 1: Representative phase solubility diagrams of fisetin in different
concentrations of poly-aB-CD, poly-ay-CD, poly-aBy-CD and poly-rmethyl-3-
CD at 37°C.
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Figure 2: DSC thermograms of fisetin, poly-methyl-B-CD polymer, solid

dispersion formulations at ratio (1:1), (1:3) and their corresponding physical

mixtures.

also fisetin-cyclodextrin solid dispersion complex scanned between
30 to 400 °C at 10°C/min. Figure 3 shows a slight weight loss at about
5 % (w:w) observed for all samples at 60-110 °C and which present the
absorbed water and water of crystallization. Fisetin showed a second
important mass loss around 360 °C at about 68% (w:w) which can
be probably due to the decomposition of the molecule. On the other
hand, the poly-methyl--CD and their corresponding solid dispersion
formulations and physical mixtures with different ratio presented the
same profile with some difference in mass loss. Their second mass
loss was observed approximately between 180 and 240 °C and it was
varied of about 37% (w:w) for poly-methyl-p-CD. Spray-dried solid
dispersions at ratios 1:1 and 1:3 and their corresponding physical
mixtures presented a second mass loos ranged between 22-28 % and
18-21 % (w:w) for solid dispersions and physical mixtures at ratio 1:1
and 1:3; respectively. These can be explained by the modification in
the cyclodextrin unit with the resulting loss of the crystalline nature
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Figure 3: TGA of fisetin, poly-permethyl-3-CD and solid dispersion
formulations at ratio (1:1), (1:3) and their corresponding physical mixtures.
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Figure 4: FTIR spectra of fisetin, poly- methyl-3-CD and solid dispersion

formulations at ratios (1:1), (1:3) and their corresponding physical mixtures.

of the cyclodextrin molecule [35,36]. Finally, the third important
mass loss started at higher temperatures and it is the result of the
decomposition of the cyclodextrin polymer. The difference in massloss
observed indicates that the formed complexes fisetin-cyclodextrins
polymers were more stable than the polymer alone. In addition, we
can note that the solid dispersion formulation in ratio 1:1 is more
stable than ratio 1:3 when the poly-methyl-B-CD was used as carrier.
The superposition of thermograms of solid dispersion formulations
prepared by spray-drying and their corresponding physical mixtures
gives information that the used preparation technique doesn’t alter
the thermal stability of the obtained product.

The variation of the shift and intensity of the IR absorption
peaks of the guest or host can provide information for the inclusion
complex formation. Figure 4 showed the FT-IR spectra of fisetin,
cyclodextrin polymer (poly-methyl-B-CD) and also solid dispersion

SD (1:3)

SD(1:1)

Figure 5: SEM pictures of spray-dried solid dispersions at ratios 1:3 and 1:1
of fisetin: poly-methyl-B-CD.

formulations and their corresponding physical mixtures at different
guest: host ratio scanned between 4000 and 450 cm™. IR spectrum of
fisetin exhibited a characteristic peaks at 3446.54 cm™ corresponding
to O-H stretching; 1592.57 and 1463.04 cm™ due to the aromatic-
ring vibration and at 1112.03 cm™ assigned to C-OH stretching
vibration [37]. Interestingly, the FT-IR spectrum of solid dispersion
formulations prepared with poly-methyl-B-CD at different ratio
showed that the 3446.54 cm™ and 1112.03 cm™ FT-IR characteristic
bands of fisetin disappeared completely. The intensity of 1463.04
cm? characteristic band appeared with reduced intensity and
progressively disappeared by increasing polymer proportion which is
accompanied by an increase of the intensity of polymer characteristic
peak observed at 1724 cm™ corresponding to the ester band which
is resulting from the esterification reaction between the hydroxyl
group of cyclodextrin and the carboxylic group of citric acid [35].
The fisetin band observed at 1592.57 cm™ was shifted to 1607.2 cm™
with reduced intensity. These results indicated substantial masking
of the absorption peaks of fisetin by those of poly-methyl-f-CD and
also confirm the formation of inclusion complex. On the other hand,
the absence of new absorbance bands gives information that fisetin
interacted with cyclodextrin polymers by noncovalent and weak
intermolecular forces such as van der Waals [38] or hydrogen [13].
In contrast, the FT-IR spectra of physical mixtures at ratio 1:3 and
1:1 showed the presence of characteristic peaks of fisetin: 1112.03
cm’ and 3446.54 cm! which is shifted to 3522.01 cm™ and their
intensity was reduced by increasing the proportion of cyclodextrin
polymer. The slight shifting and disappearance of some absorption
bands confirmed the presence of interaction between fisetin and
cyclodextrins polymer.

Figure 5 shows SEM pictures of spray-dried solid dispersions at
several ratios of poly-methyl-3-CD. The different formulations were
spray-dried at 55°C outlet temperature. As it can be seen, the spray-
dried particles are spherical in shape compared to those obtained by
Boukhris et al. using high outlet temperatures varied between 80 and
90 °C. This can be explained by the lower internal pressure applied
by the evaporation liquid at 55 °C which escape without deforming
the solid shell, as it was reported by Maas et al. [39]. Moreover, the
spray-dried formulation at ratio 1:3 showed more homogeneous
surface with spherical morphology, whereas with lower proportion
of polymer (ratio 1:1), slight concave depressions were observed.
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Figure 6: 1H NMR spectra (44 MHz), of Fisetin, Cd-Poly and C 1/1, MP 1/3,
MP 1/1 C3/1 the Top to Bottom.
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Figure 7: In vitro dissolution profile of fisetin (powder as received), Solid
Dispersion (SD) formulations ratios (1:1), (1:3) and their corresponding
physical mixtures in water at 37°C (n=3).

Note also the absence of drug particles adsorbed at the surface of
the polymer matrix. These results demonstrated that fisetin was
thoroughly blended in the poly-cyclodextrin matrix with the loss of
its crystallinity (confirmed by DSC results). The SEM pictures give
us as well an estimation of the particle size. The latter was ranged
approximately between 1 and 4 pm.

Furthermore, the interaction between fisetin and poly-methyl-(-
CD was also evaluated by H1 NMR spectroscopy in D,O (Figure 6)
in order to compare the chemical shift values of free and complexed
fisetin. The comparison of the H1 NMR spectra of pure drug in
H20/DO02, its solid dispersion formulations and its corresponding

physical mixtures with CD polymer showed that solid dispersion
formulations provides a better solubilization of fisetin compared to
their corresponding physical mixture. This result was based on the §
chemical shift equivalent to 7.7 ppm with coupling constant J=30 Hz
and an estimated proportion of the ratio H (7.7)/H1 beta = 8%.

The presence of interaction between fisetin and beta-CD was
also reported in the literature by several studies. Guzzo et al. carried
out a study to evaluate the complexation of fisetin with f-CD using
several techniques in order to compare theoretical and experimental
data and they reported that fisetin is able to complex with p-CD [13].
Another study performed by Nutho et al. using molecular dynamic
simulation to investigate the complexation of fisetin with B-CD in
aqueous solution and they concluded that there are four possible
binding mode of fisetin in formed complex with B-CD [38].

In vitro dissolution study

The dissolution studies of fisetin (powder as received) and solid
dispersion formulations prepared with poly-methyl-B-CD at two
different ratios 1:1 and 1:3 (for reason of comparison, also their
corresponding physical mixtures) were carried out in distilled water
at 37°C. The fisetin powder showed a low dissolution rate in water at
about 32 % during 90 min (as it can be seen in Figure 7) because of
its hydrophobicity which caused the powder float on the surface of
the dissolution medium. On the other hand, the dissolution rate of
fisetin in physical mixtures was slightly increased to 36%, which can
be explained by the solubilization effect of cyclodextrin polymer. The
solid dispersion formulations with different host: guest ratio exhibited
a faster dissolution rate of the molecular inclusion complex obtained
compared to their corresponding physical mixtures and the pure
drug. It increased from 59 to 97 % with increasing the proportion of
poly-permethyl-B-CD. It was found that formulation with ratio 1:3
of fisetin: poly-permethyl-B-CD showed a maximum dissolution rate
about 97% which is due to the formation of water-soluble inclusion
complexes with cyclodextrin polymer and the entire amount of drug
was released in 20 min.

Moreover, the dissolution rate enhancing of fisetin in solid
dispersion samples can be due to the amorphous state of drug
(confirmed by DSC analysis). Sareen et al. reported in the literature
that poorly-water soluble crystalline drugs in amorphous state
generally present higher solubility. This improvement is related to
the lack energy required to break crystal lattice in amorphous state
during dissolution [40]. On the other hand; in solid dispersion
formulations, the fisetin amorphization can be due to its interaction
with the cyclodextrin polymer as it was confirmed by 1THNMR
analysis, which showed a better solubilization of fisetin in solid
dispersion formulations than in physical mixtures. The increase
of the dissolution rate of fisetin in solid dispersion formulations
can be explained also by the high hydrophylicity of poly-methyl-f-
CD (aqueous solubility >1g/mL); this polymer property enhances
the drug solubility by reducing the interfacial tension between the
solid particles of drug and dissolution medium, thus, increasing its
wettability [41]. In addition, the poly-methyl-B-CD is represented as
a polymeric network in which the drug can be entrapped between
the meshes and therefore an increase in its dissolution rate. Also,
the reduction size of the obtained particles by solid dispersion
formulations (confirmed by SEM analysis) plays an important role in
the improvement of fisetin dissolution.
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Conclusion

The solid dispersion technique based on poly-methyl-B-CD as
carrier can be employed to improve the dissolution rate of fisetin.
Dissolution studies indicated a better solubilizing effect of CD solid
dispersion formulations than their corresponding physical mixture.
The dissolution rate of fisetin from solid dispersion formulations
depended on the proportion of the carrier and which is increased
with an increase in carrier ratio. DSC, FTIR and NMR spectroscopy
showed the presence of interaction between fisetin and poly-methyl-
B-CD. The dissolution rates of solid dispersion formulations were
higher than those of physical mixtures and pure drug and which can
be explained by the increase of drug wettability. The solid dispersion
technique using poly-methyl-B-CD as a carrier presents a promising
tool to enhance the dissolution rate of fisetin. On the other hand,
the combination of advantages of spray drying technique and CD
polymer properties can provides a promising strategy to overcome
the solubility problem of poorly water-soluble substances.
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