Published on 19 August 2020. Downloaded by Cornell University Library on 9/24/2020 7:11:36 PM.

7 ROYAL SOCIETY
PPN OF CHEMISTRY

Food &
Function

View Article Online

View Journal | View Issue

Design of polymer-free Vitamin-A acetate/
cyclodextrin nanofibrous webs: antioxidant and
fast-dissolving propertiest

{ '.) Check for updates ‘

Cite this: Food Funct.,, 2020, 11, 7626

Asli Celebioglu* and Tamer Uyar@*

The encapsulation of food/dietary supplements into electrospun cyclodextrin (CD) inclusion complex
nanofibers paves the way for developing novel carrying and delivery substances along with orally fast-dis-
solving properties. In this study, CD inclusion complex nanofibers of Vitamin-A acetate were fabricated
from polymer-free aqueous systems by using the electrospinning technique. The hydroxypropylated (HP)
CD derivatives of HPBCD and HPyCD were used for both encapsulation of Vitamin-A acetate and the
electrospinning of free-standing nanofibrous webs. The ultimate Vitamin-A acetate/CD nanofibrous webs
(NWs) were obtained with a loading capacity of 5% (w/w). The amorphous distribution of Vitamin-A
acetate in the nanofibrous webs by inclusion complexation and the unique properties of nanofibers (e.g.
high surface area and porosity) ensured the fast disintegration and fast dissolution/release of Vitamin-A
acetate/CD-NW in a saliva simulation and aqueous medium. The enhanced solubility of Vitamin-A acetate
in the case of Vitamin-A acetate/CD-NW also ensured an improved antioxidant property for the Vitamin-
A acetate compound. Moreover, Vitamin-A acetate thermally degraded at higher temperature in Vitamin-
A acetate/CD-NWs, suggesting the enhanced thermal stability of this active compound. Here, HPBCD
formed inclusion complexes in a more favorable way when compared to HPyCD. Therefore, there were
some uncomplexed Vitamin-A acetate crystals detected in Vitamin-A acetate/HPyCD-NW, while Vitamin-
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A acetate molecules loaded in Vitamin-A acetate/HPBCD-NW were completely in complexed and amor-
phous states. Depending on this, better solubilizing effect, higher release amount and enhanced anti-
oxidant properties have been provided for the Vitamin-A acetate compound in the case of Vitamin-A

rsc.li/food-function acetate/HPBCD-NW.

drying, electrospraying and electrospinning.’** Each encapsu-
lation approach results in different structures and mor-

1. Introduction

The encapsulation of bioactive compounds such as vitamins,
essential oils and flavors in functional food/dietary sup-
plements is becoming an emerging research area. The bio-
active compounds are mostly hydrophobic with limited water
solubility and they are often volatile and sensitive to environ-
mental conditions."”” Therefore, encapsulation of such bio-
active compounds within hydrophilic biopolymer matrices
enhances their water solubility and bioavailability and also
increases their shelf-life by improving their stability against
temperature, light and oxygen.' There are several methods for
encapsulation of bioactive compounds such as emulsion,
extrusion, co-precipitation, coacervation, spray-drying, freeze-
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phologies and therefore the physicochemical properties and
delivery of these bioactive compounds would be different from
each other. Among these encapsulation approaches, recently,
electrospinning has been shown to be a very feasible one for
encapsulation of bioactive compounds for various applications
including food, pharmaceutical and cosmetic.*™ The solution
electrospinning technique can enable the easy encapsulation
of bioactive compounds by using their solution or dispersion
with biopolymers at ambient conditions.*® On the other
hand, melt electrospinning, which requires high temperature
to melt polymers, is a limited method, because there are few
biopolymers that can be processed at high temperature.
Moreover, high temperature can be problematic during melt
electrospinning upon degrading and evaporating bioactive
compounds.'® Electrospinning generally produces fibers with
a diameter of less than a micron and they are generally classi-
fied as nanofibers. The electrospun nanofibers are fabricated
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in a nonwoven form having large surface area and highly
porous structure.'’ Such lightweight, flexible, and free-stand-
ing nanofibrous webs which are electrospun from hydrophilic
biopolymers can easily dissolve with water contact. Therefore,
electrospun nanofibrous webs encapsulating bioactive com-
pounds can be very feasible for developing fast-dissolving
delivery systems for both the food and pharmaceutical indus-
tries. Very recently, we have shown that fast-dissolving nanofi-
brous webs of cyclodextrin (CD) inclusion complexes can be
effectively produced from various compounds such as essen-
tial oils,"*"” flavors,"®'® dietary supplements,**?* and
drugs®™ in the absence of a polymeric matrix. CDs are cyclic
oligosaccharides obtained from starch, with the U.S. Food and
Drug Administration classifying CDs as GRAS (Generally
Recognized as Safe). CDs are quite applicable in both food and
pharmaceutical industries due to their inclusion complexation
ability and non-toxic nature.*®*° The molecular encapsulation
of active ingredients through CD inclusion complexation could
enhance their solubility and bioavailability, mask the bitter
taste, control their release, extend their shelf-life and prevent
their loss.”®*

Vitamins have diverse biochemical functions and therefore
they are used extensively in many areas including foods/feeds,
pharmaceuticals, cosmetics, and biomedical applications.**??
As one of the retinoids, Vitamin-A can be found in foods as
retinyl ester (retinyl palmitate and retinyl acetate) or retinol
form and they are commonly employed as food/dietary sup-
plements and nutraceutical products due to their wide range
of biochemical activities.>*> As has been reported previously,
the most prominent property of Vitamin-A is its antioxidant
capacity, and therefore it may show potential for treatments of
cancer,*® diabetes,>” dermatological disorders®® and cardio-
vascular diseases.® Vitamin-A acetate (retinyl acetate) is one of
the widely known and used derivatives of Vitamin-A having
antioxidant property; however, it is a lipophilic compound
with very limited water solubility and is very sensitive to oxi-
dation and high temperature. Therefore, encapsulation of
Vitamin-A acetate is of interest for effective delivery of such
bioactive compound to improve its bioavailability and stability
and enhance its nutritional value. As has been mentioned,
CDs are well known as molecular encapsulation agents due to
their inclusion complexation property where the water solubi-
lity, bioavailability and stability of various bioactive molecules
are significantly improved.’’ The inclusion complexation of
Vitamin-A derivatives with different types of CD has been
reported.””™** The encapsulation of Vitamin-A acid,** Vitamin-
A palmitate,”*® and Vitamin-A acetate’” within polymeric
electrospun nanofibers was also reported in order to control
its delivery and/or increase its thermal stability. In the present
study, we have aimed to develop fast-dissolving and anti-
oxidant nanofibrous webs of Vitamin-A acetate/CD inclusion
complexes by using two derivatives of CD (hydroxypropyl-beta-
cyclodextrin (HPBCD) and hydroxypropyl-gamma-cyclodextrin
(HPYCD)) (Fig. 1). The structure, dissolution/disintegration,
release, and antioxidant potential of samples were examined
by various analyses.
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Fig. 1 (A) The chemical structures of HPBCD, HPyCD and Vitamin-A
acetate. Schematic illustrations of (B) Vitamin-A acetate and CD
inclusion complex formation and (C) the electrospinning of Vitamin-A
acetate/CD-NW.

2. Materials and methods
2.1. Materials

HPPCD (Cavasol W7 HP, DS ~ 0.9) and HPyCD (Cavasol W8
HP Pharma, DS ~ 0.6) were presented by Wacker Chemie AG
(USA). Vitamin-A acetate (retinol acetate, Sigma Aldrich),
methanol (>99.8% (GC), Sigma Aldrich), 2,2-diphenyl-1-picryl-
hydrazyl (DPPH, >97%, TCI America), sodium chloride (NaCl,
>99%, Sigma Aldrich), o-phosphoric acid (85% (HPLC)), pot-
assium phosphate monobasic (KH,PO,, >99.0%, Fisher
Chemical), sodium phosphate dibasic heptahydrate (Na,HPO,,
98.0-102.0%, Fisher Chemical), and deuterated dimethyl-
sulfoxide (ds-DMSO, 99.8%, Cambridge Isotope) were pur-
chased and used as received. A Millipore Milli-Q ultrapure
water system (Millipore, USA) was used to supply high-quality
distilled water.

2.2. Electrospinning

For both pristine CD nanofibers and Vitamin-A acetate/CD
nanofibrous webs (NW), clear HPBCD and HPyCD solutions
were initially prepared in distilled water at a 200% (w/v) CD
concentration. In the case of Vitamin-A acetate/CD-NW,
Vitamin-A acetate powder was added to HPBCD and HPyCD
solutions separately. The molar ratio of the Vitamin-A acetate/
CD solutions was arranged as 1:2 (Vitamin-A acetate : CD)
which corresponds to ~10% (w/w, with respect to total sample
amount) (~1 g CD and ~0.1 g Vitamin-A acetate) of Vitamin-A
acetate content in Vitamin-A acetate/CD-NW. To ensure
inclusion complex formation, Vitamin-A acetate/CD aqueous
systems were stirred for 24 hours (RT) by shielding from light
sources. Prior to electrospinning, the conductivity (conduc-
tivity meter; FiveEasy, Mettler Toledo, USA) and the viscosity
(rheometer; AR 2000 rheometer, TA Instruments, USA (20 mm
cone/plate spindle (CP 20-4, 4°); 0.01-1000 s~*; 21 °C)) of CD
and Vitamin-A acetate/CD solutions were measured precisely.
Electrospinning process was performed using electrospinning
equipment (Spingenix, model SG100, Palo Alto, USA). The
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solutions were filled into plastic syringes, each fitted with a 21
G metallic needle. Process parameters of flow rate, tip-to-col-
lector distance, and high voltage were 0.5 mL h™', 12 cm and
15 kV, respectively (20 °C, 50% relative humidity). Physical
mixtures of Vitamin-A acetate/CD were prepared for compari-
son, as well. Here, pristine HPBCD-NW and HPyCD-NW
(~25 mg) were homogenously blended with Vitamin-A acetate
powder (~2.7 mg) to obtain Vitamin-A acetate/CD physical mix-
tures (PM) with the same molar ratio of 1:2 (Vitamin-A
acetate : CD) used for the preparation of the electrospinning
system. The samples were stored at ambient conditions (20 °C,
50% relative humidity) during the analyses.

2.3. Morphology analyses

The morphologies of electrospun HPBCD-NW, HPyCD-NW,
Vitamin-A  acetate/HPBCD-NW and Vitamin-A acetate/
HPYCD-NW were analyzed using a scanning electron micro-
scope (SEM, Tescan MIRA3, Czech Republic) in high vacuum.
A small piece of each sample was fixed onto SEM stubs by
double-sided carbon tape and sputter-coated with Au/Pd. For
SEM imaging, the working distance was set to 10 mm and the
accelerating voltage was 10 kV. The average diameter (AD) of
nanofibers was calculated by the measurement of numerous
fibers (~100) using Image] software.

2.4. Structural characterization

An attenuated total reflectance Fourier transform infrared
(ATR-FTIR) spectrometer (PerkinElmer, USA) was used to
obtain FTIR spectra of samples. The FTIR spectra were
recorded in the 4000-600 cm ™" region (resolution of 4 cm™)
with 64 scans. An X-ray diffractometer (Bruker D8 Advance
ECO, USA) was used to investigate the X-ray diffraction pat-
terns of the samples. A Cu-Ka radiation source was used to
form the XRD graphs (26 angles: 5° and 30°) and voltage/
current values were set to 40 kV/25 mA. The thermograms of
samples were obtained using a differential scanning calori-
meter (DSC, Q2000, TA Instruments, USA) (0-240 °C; 10 °C
min~'; N,). A thermogravimetric analyzer (TGA, Q500, TA
Instruments, USA) was utilized to determine the thermo-
gravimetric profiles of samples (RT to 600 °C; 20 °C min™’;
N,). A nuclear magnetic resonance spectrometer (Bruker
AV500, with autosampler, USA) was utilized to calculate the
molar ratio between Vitamin-A acetate and CD in Vitamin-A
acetate/CD-NW. ds-DMSO was used as the solvent to dissolve
samples for proton nuclear magnetic resonance (‘H-NMR)
measurements. The samples (~40 mg) were dissolved in d-
DMSO (~500 pL) and then they were loaded into instruments
and "H-NMR spectra were recorded with 16 scans. The chemi-
cal shifts (5, ppm) of each sample were processed using
Mestranova software.

2.5. Dissolution/disintegration, release, and phase solubility
studies

For the examination of dissolution profiles, ~10 mg of nanofi-
brous webs of pristine CD and Vitamin-A acetate/CD, and
~1 mg Vitamin-A acetate powder were loaded into glass vials,
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separately. Then, 5 mL of distilled water was poured into these
vials in sequence (Video S17). Here, the solubility enhance-
ment of Vitamin-A acetate encapsulated in Vitamin-A acetate/
CD-NW was also demonstrated spectroscopically (see ESIT).
The time-dependent release test of Vitamin-A acetate in
Vitamin-A acetate/CD-NW (20 mg) was performed in distilled
water (20 mL) at room temperature. For control, Vitamin-A
acetate (~2 mg) powder was also examined using the initial
Vitamin-A acetate content in nanofibrous webs. Here, Vitamin-
A acetate/CD-NW and Vitamin-A acetate powder were placed
into a beaker, after which liquid medium was poured in.
While the solution systems were being shaken (200 rpm),
500 pL of sample solution was withdrawn and then fresh
medium (500 pL) was refilled at the determined time points.
The released amount of Vitamin-A acetate was analyzed using
UV-visible spectroscopy (PerkinElmer, Lambda 35, USA). The
calibration curve of Vitamin-A acetate showed linearity and
acceptability with R*> > 0.99. The measurement results were
converted into released % by using this calibration curve. The
experiments were performed three times and results were
reported as mean + standard deviation. To evaluate the kinetic
profile of samples, various mathematical models were applied,
including zero- and first-order release model, Higuchi release
model and Korsmeyer-Peppas equation (see ESIT).*®

The disintegration profiles of Vitamin-A acetate/HPPCD-NW
and Vitamin-A acetate/HPyCD-NW were followed using a modi-
fied version of a technique which was previously reported by Bi
et al.® In this approach, the physiological circumstances of
the surface of a moist tongue are simulated. In this study,
filter paper was firstly located in a plastic Petri dish (10 cm),
and then wetted with artificial saliva (10 mL). 1.19 g Na,HPO,,
0.095 g KH,PO, and 4 g NaCl were mixed in 500 mL distilled
water and its pH was arranged to 6.8 with phosphoric acid to
prepare artificial saliva. The extra artificial saliva was with-
drawn from the Petri dish and Vitamin-A acetate/CD-NW with
approximate dimensions of 3 cm x 5 ¢cm was put at the centre
of the filter paper (Video S27).

The phase solubility profiles of Vitamin-A acetate/HPPCD
and Vitamin-A acetate/HPyCD systems were determined by a
technique reported previously.”® An excess amount of Vitamin-
A acetate and CD (HPBCD and HPyCD) powder with an increas-
ing concentration from 0 to 40 mM were weighted into glass
vials, separately. Afterwards, water (5 mL) was added to each of
the vials, and they were sealed and shaken for 24 hours on an
incubator shaker (25 °C and 450 rpm) by shielding from the
light. A PTFE filter (0.45 pm) was used to filter the incubated
suspensions. UV-visible spectroscopy was used to measure the
absorbance of the filtered aliquots. The experiments were con-
ducted three times (n = 3) and the phase solubility diagrams
were plotted using the average absorption results. The binding
constants (K;) were determined from the following equation:

K5 = slope/So(1 — slope) (1)

where S, is the intrinsic solubility of Vitamin-A acetate
(~7.25 uM) in the absence of CD.

This journal is © The Royal Society of Chemistry 2020
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2.6. Antioxidant activity test

The antioxidant activities of Vitamin-A acetate powder,
Vitamin-A acetate/CD-NW and Vitamin-A acetate/CD-PM were
examined using the DPPH radical scavenging technique. For
antioxidant experiments, Vitamin-A acetate/CD-NW (~30 mg),
Vitamin-A acetate/CD-PM (~30 mg) and Vitamin-A acetate
powder (~3 mg) were stirred in 2 mL of distilled water for
1 hour at 150 rpm. Then, all aqueous systems were filtered by
a PTFE filter (0.45 pm) to remove the undissolved Vitamin-A
acetate parts in the solutions. Afterwards, 1 mL of the filtered
solution of sample and 2 mL of 75 pM concentrated methano-
lic DPPH solution were mixed and incubated in the dark. UV-
visible measurements were carried out at different incubation
time intervals and the disappearance of DPPH absorption
(517 nm) was followed to evaluate the inhibition performance
of samples. Each experiment was performed three times and
the radical scavenging performance of samples was rep-
resented as inhibition percentage by using the following
equation:

Inhibition (%) = (Acontrol *Asample)/Acontrol % 100 (2)

where A.oniro1 Stands for the absorbance value of control DPPH
solution and Agampie Stands for that of the sample solution.

2.7. Statistical analyses

The results of the replicated experiment (n > 3) were stated as
mean values + standard deviations. The statistical analyses
were performed using one-way or two-way analysis of variance
(ANOVA). ANOVA was carried out by OriginLab (Origin 2020,
USA) (0.05 level of probability).

3. Results and discussion
3.1. Morphology analysis

Vitamin-A acetate molecules present a lipophilic characteristic
due to the cyclohexene ring and polyenic chain in the structure
(Fig. 1).*' The lipophilic nature of Vitamin-A acetate is the
major driving force for inclusion complex formation with CD
molecules and, as was reported previously, the hydrophobic
cyclohexene ring of Vitamin-A acetate is preferably encapsu-
lated into the apolar cavity of CD in the event of inclusion
complexation.*! In the case of hydroxypropyl derivatives of CD,
the extended cavity of CD enables the encapsulation of cyclo-
hexene ring into the CD cavity; however, the repulsion forces
between the hydroxypropyl groups of CD and bended polyenic
chain of Vitamin-A acetate can inhibit the effective associ-
ation.** As such, for the interaction between Vitamin-A acetate
and hydroxypropylated derivatives of CD, a 1:2 molar ratio
(Vitamin-A acetate : CD) has been recorded as more favorable
in which higher amount of CD molecules is used for the
complex formation compared to 1:1 molar ratio (Vitamin-A
acetate : CD)."" Therefore, we have preferred to prepare
Vitamin-A acetate/CD aqueous solutions having 1:2 (Vitamin-
A acetate:CD) molar ratio for electrospinning. Here, the
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inclusion complex systems of Vitamin-A acetate/CD were
obtained using two different modified CD types of HPBCD and
HPyCD. The highly concentrated solutions of CD (200%, w/v)
ensure the electrospinning of uniform CD nanofibers; there-
fore Vitamin-A acetate/CD solutions were also prepared by
using 200% (w/v) concentration of HPBCD and HPyCD solu-
tions. As seen in Fig. 2, the clear solutions of HPPCD and
HPYCD became a yellowish color by the addition of Vitamin-A
acetate. Here, the high concentration and so the very high vis-
cosity of Vitamin-A acetate/CD solutions (200%, w/v) might
hinder the efficient mixing of systems in order to attain an
efficient inclusion complexation, and so some uncomplexed
Vitamin-A acetate might be present in Vitamin-A acetate/
CD-NW. Nevertheless, the electrospinning of Vitamin-A
acetate/CD aqueous solutions prepared with 1:2 molar ratio

Fig. 2 (i) Photos of the electrospinning solutions and the free-standing
webs and (i) representative SEM images of (A) HPBCD-NW, (B)
HPyCD-NW, (C) Vitamin-A acetate/HPBCD-NW and (D) Vitamin-A
acetate/HPyCD-NW.
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was effective in which uniform electrospun nanofibers of
Vitamin-A acetate/HPBCD and Vitamin-A acetate/HPyCD were
obtained upon self-standing and with flexible properties
(Fig. 2C and D-i). Uniform pristine HPBCD-NW and
HPYCD-NW were also produced in the form of self-standing
character (Fig. 2A and B-i).

The SEM images depicted that the pristine CD-NW and the
Vitamin-A acetate/CD-NW have uniform fibrous structure
raised with bead-free morphology (Fig. 2). The solution pro-
perties (viscosity and conductivity) of the pristine CD and the
Vitamin-A acetate/CD solutions, and the average diameter (AD)
of the ultimate nanofibrous webs are given in Table S1.f In
electrospinning, solutions having higher viscosity and lower
conductivity generally lead to thicker fibers, because the
electrospinning jet can be exposed to less stretching compared
to solutions having lower viscosity and higher conductivity
during the electrospinning process.”" Pristine HPPCD-NW and
Vitamin-A acetate/HPBCD-NW were obtained having AD of 220
+ 60 nm and 195 + 85 nm, respectively, whereas the electro-
spinning of pristine HPyYCD-NW and Vitamin-A acetate/
HPYCD-NW resulted in much thicker fibers having AD of 1260
+ 245 nm and 610 + 275 nm, respectively. HPPCD-based solu-
tions have higher conductivity along with lower viscosity com-
pared to the HPyCD-based ones which probably provided
greater stretching of the electrospinning jet and so led to
thinner fiber formation during the process (Table S1}). When
pristine CD systems were compared with the Vitamin-A
acetate/CD ones, it was observed that there was a decrease in
the AD of CD-NW with the addition of Vitamin-A acetate. This
might be due to the higher conductivity of Vitamin-A acetate/
CD systems which can ensure higher stretching of the jet
during the process. In the case of HPBCD systems, the conduc-
tivity of Vitamin-A acetate/HPBCD solution was slightly higher
than that of pure HPBCD system, and therefore there was no
distinct difference between the AD value of HPBCD-NW (220 +
60 nm) and Vitamin-A acetate/HPBCD-NW (195 + 85 nm). On
the other hand, the variation between the AD of Vitamin-A
acetate/HPyCD-NW (1260 + 245 nm) and HPyCD-NW (610 +
275 nm) was higher compared to HPBCD-based systems due to
the more significant difference between the conductivity
values of Vitamin-A acetate/HPyCD and HPyCD solutions
(Table S1t). The statistical analyses supported our results in
which significant variations were detected between samples (p
<0.05).

3.2. Structural characterization

FTIR is a commonly used technique to evaluate both inclusion
complex formation and the existence of guest molecules in
inclusion complex structures.”>*® The interactions between
guest molecules and CD cavities generally lead to dis-
appearance, attenuation and/or shifts in the typical peaks of
guest molecules.>>*’ Fig. 3 shows the FTIR spectra of Vitamin-
A acetate powder, pristine CD-NW (HPPCD and HPyCD),
Vitamin-A acetate/CD-NW (Vitamin-A acetate/HPBCD and
Vitamin-A acetate/HPyCD) and Vitamin-A acetate/CD physical

mixtures (PM). There are major peaks at around
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Fig. 3 (i) The full and (i) the expanded range FTIR spectra of (A)
Vitamin-A acetate powder, HPBCD-NW, Vitamin-A acetate/HPBCD-PM
and Vitamin-A acetate/HPBCD-NW; (B) Vitamin-A acetate powder,
HPyYCD-NW, Vitamin-A acetate/HPyCD-PM and Vitamin-A acetate/
HPyCD-NW.

3000-3600 cm™" for the primary/secondary -OH stretching,
2930 cm™' for C-H stretching, 1650 cm™" for O-H bending
and 1370 cm™"' for ~-CH; bending vibrations of CDs (Fig. 3A
and B-i). The other major absorption bands which are seen
between 1020 and 1200 cm™" are owing to coupled C-C/C-O
and antisymmetric C-O-C stretching of CD.”* In the case of
Vitamin-A acetate/CD-NW, the characteristic peaks of Vitamin-
A acetate are not detectable since they were hindered due the
encapsulation into CD cavities by inclusion complexation. On
the other hand, the two characteristic peaks of Vitamin-A
acetate located at 1220 cm™" and 1740 em ™" corresponding to
the stretching of C-C/C-C-H and C=O, respectively, are
obvious in the FTIR spectra of Vitamin-A acetate/CD-PM
(Fig. 3A and B-ii).>>>® This observation proved the inclusion
complex formation between Vitamin-A acetate and CD mole-
cules in Vitamin-A acetate/CD-NW.

As depicted in Fig. 4A and B, Vitamin-A acetate powder
exhibits a crystalline pattern and XRD provides useful infor-
mation as to whether the Vitamin-A acetate molecules are dis-
tributed in the Vitamin-A acetate/CD-NW as crystals or in
amorphous state. In other words, the XRD technique gives
information about the complex formation between CD and
guest molecules, because the guest molecules cannot aggre-
gate to form crystals and separate from each other when they
are encapsulated in CD cavities by inclusion complexation.’?
The XRD profiles of Vitamin-A acetate powder, Vitamin-A
acetate/CD-NW and Vitamin-A acetate/CD-PM are displayed in
Fig. 4A and B. The as-received Vitamin-A acetate powder shows
characteristic crystalline diffraction peaks at 9.1°, 17.3°, 18.5°,
20.1° and 24.4°. On the other hand, pristine HPBCD-NW and
HPYCD-NW have broad halo XRD patterns due to their amor-
phous nature (Fig. 4A and B). In the case of Vitamin-A acetate/

This journal is © The Royal Society of Chemistry 2020
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Fig. 4 (A, B) XRD patterns and (C, D) DSC thermograms of Vitamin-A
acetate powder, HPBCD-NW, Vitamin-A acetate/HPBCD-PM, Vitamin-A
acetate/HPBCD-NW, HPyCD-NW, Vitamin-A acetate/HPyCD-PM, and
Vitamin-A acetate/HPyCD-NW.

CD-PM, the crystalline peaks of Vitamin-A acetate become
apparent because of the uncomplexed structure of samples.
Despite this, Vitamin-A acetate/HPBCD-NW has an amorphous
pattern like pristine HPPCD-NW and Vitamin-A acetate/
HPyCD-NW indicates an almost amorphous pattern with weak
characteristic peaks (17.3°, 18.5° and 20.1°) of Vitamin-A
acetate. The XRD pattern of Vitamin-A acetate/HPyCD-NW
showing the characteristic diffraction peaks of Vitamin-A
acetate proves the existence of some crystalline form of
Vitamin-A acetate in this sample. On the other hand, Vitamin-
A acetate was completely in the inclusion complex state in
Vitamin-A acetate/HPPCD-NW. The Vitamin-A acetate crystals
were not obvious in the SEM images of Vitamin-A acetate/
HPyCD-NW (Fig. 2D-ii) implying that the Vitamin-A acetate
crystals were most probably distributed in small sizes within
the nanofibrous matrix.

The DSC data also demonstrated that Vitamin-A acetate
powder is in a crystalline form having a melting peak at 60 °C
(Fig. 4C and D). Therefore, DSC analysis was further performed
to detect if there was any presence of uncomplexed crystalline
Vitamin-A acetate in Vitamin-A acetate/CD-NW. Pristine
HPBCD-NW and HPyCD-NW have a broad peak between 30
and 140 °C originated from water loss and since they are amor-
phous, there is no melting peak observed in the DSC thermo-
grams of these samples.”” For Vitamin-A acetate/HPBCD-NW,
the melting peak of Vitamin-A acetate was not detected con-
firming the fully inclusion complexed state of Vitamin-A
acetate with HPBCD in this sample. The guest molecules are
separated from each other and not able to form crystals in the
case of inclusion complexation; therefore the characteristic
melting peak of guest molecules is not detected in DSC data.>
On the other hand, the DSC curve of Vitamin-A acetate/
HPBCD-PM indicates an endothermic peak at 59 °C with a
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peak area of 5.8 J g ' (Fig. 4C). In the case of Vitamin-A
acetate/HPyCD-NW, there is a very small endothermic peak at
56 °C for melting of Vitamin-A acetate crystals with a peak area
of ~0.9 J g~'. The physical mixture of Vitamin-A acetate/
HPyCD has an endothermic peak at 59 °C with a peak area of
5.1 J ¢~' (Fig. 4D). This finding revealed that most of the
Vitamin-A acetate was inclusion complexed with HPyCD, but
there were still uncomplexed Vitamin-A acetate crystals present
in Vitamin-A acetate/HPyCD-NW. The DSC results further
proved that Vitamin-A acetate was completely in inclusion
complex state in Vitamin-A acetate/HPPCD-NW whereas there
was uncomplexed crystalline Vitamin-A acetate present in
Vitamin-A acetate/HPyCD-NW. Briefly, DSC findings are in
good agreement with the XRD data.

The TGA measurements of Vitamin-A acetate powder, pris-
tine CD-NW, Vitamin-A acetate/CD-NW and Vitamin-A acetate/
CD-PM were performed by a thermogravimetric analyzer
(Fig. 5). Vitamin-A acetate powder displays mass loss that
starts at 100 °C and ends up at 500 °C in two degradation
steps. Pristine CD-NW has initial weight loss below 100 °C due
to the evaporation of water. Pristine HPPCD-NW and
HPyCD-NW exhibit main thermal degradation in the ranges of
280-430 °C and 265-420 °C, respectively. The main degra-
dation of Vitamin-A acetate overlaps with the main degra-
dation step of pristine CD (Fig. 5); therefore two steps of mass
losses were also observed in the case of Vitamin-A acetate/
CD-NW samples. In addition, the first degradation step of
Vitamin-A acetate powder, which occurs at lower temperature
range (100 °C-276 °C), is not obvious for Vitamin-A acetate/
CD-NW and this might be evidence for the inclusion complex
formation between Vitamin-A acetate and CD molecules
(Fig. 5). The inclusion complexation can principally increase
the thermal stability of guest molecules and this is observed
by shifting of the thermal degradation step of the guest to
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Fig. 5 TGA thermograms (i) and derivatives (ii) of (A) Vitamin-A acetate,
HPBCD-NW, Vitamin-A acetate/HPBCD-NW, Vitamin-A acetate/
HPBCD-PM and (B) Vitamin-A acetate, HPYCD-NW, Vitamin-A acetate/
HPyCD-NW, Vitamin-A acetate/HPyCD-PM.
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higher temperature ranges.”> On the other hand, the con-
sidered degradation step of Vitamin-A acetate is detected for
Vitamin-A acetate/CD-PM. In brief, TGA findings validated the
interaction between Vitamin-A acetate and CD in Vitamin-A
acetate/CD-NW.

In this study, "H-NMR measurements were performed in
order to determine the molar ratio between Vitamin-A acetate
and CD in Vitamin-A acetate/CD-NW which can be used to cal-
culate the loading efficiency of Vitamin-A acetate/CD-NW
(Fig. 6 and Fig. S17). The electrospinning solution systems of
Vitamin-A acetate/CD were prepared with an initial molar ratio
of 1:2 (Vitamin-A acetate:CD) for both Vitamin-A acetate/
HPPCD and Vitamin-A acetate/HPyCD. Here, Vitamin-A acetate
powder, Vitamin-A acetate/HPBCD-NW and Vitamin-A acetate/
HPyCD-NW were dissolved in de-DMSO before the 'H-NMR
measurements. The spectra of the samples are depicted in
Fig. 6 and Fig. S1.T The molar ratio between Vitamin-A acetate
and CD was calculated by using the integration proportion of
the characteristic peaks of Vitamin-A acetate and CD in
Vitamin-A acetate/CD-NW. The -CH; peaks of both Vitamin-A
acetate peaks at 1.3-2.1 ppm and modified CDs at 1.03 ppm
were used for the calculation of molar ratio. As is seen, the
-CH; peaks of Vitamin-A acetate located at ~1 ppm overlap
with the CD ones. Therefore, for this region, the integration
value of Vitamin-A acetate was subtracted from the integration
value of Vitamin-A acetate/CD-NW during the calculations.
The molar ratios of Vitamin-A acetate/HPBCD-NW and
Vitamin-A acetate/HPyCD-NW were determined as ~1:4 from
the 'H-NMR peak integrations. The 'H-NMR findings indi-
cated that ~50% of the initial Vitamin-A acetate concentration
was conserved during the electrospinning of Vitamin-A
acetate/CD-NW, and so the ultimate nanofibrous webs were
obtained with ~5% (w/w) loading capacity. Here, the highly
viscous Vitamin-A acetate/CD solution which was prepared
using high CD concentration (200%, w/w) might raise some
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Fig. 6 'H-NMR spectra of Vitamin-A acetate powder, Vitamin-A
acetate/HPBCD-NW and Vitamin-A acetate/HPyCD-NW which were
recorded by dissolving samples in dg-DMSO.
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difficulties during the stirring of the system. Therefore, the
initial content of Vitamin-A acetate (~10%, w/w) could not be
completely preserved during the preparation steps and some
parts of Vitamin-A acetate could not be included into the
electrospinning process. On the other hand, the amount of
Vitamin-A acetate of ~5% (w/w) loaded into the nanofibrous
webs is quite enough to obtain an efficient antioxidant per-
formance as will discussed in the following part. As was
addressed in the previous section, there is some uncomplexed
Vitamin-A acetate in Vitamin-A acetate/HPyCD-NW; however
ds-DMSO enabled the dissolution of both complexed and
uncomplexed Vitamin-A acetate present in the nanofibrous
webs. It is also worth mentioning that Vitamin-A acetate/
HPBCD-NW and Vitamin-A acetate/HPyCD-NW have the same
Vitamin-A acetate peaks as pure Vitamin-A acetate powder,
which explained that the structure of Vitamin-A acetate was
protected during the electrospinning process.

3.3. Dissolution, release, and disintegration profile

The fast dissolution profiles of Vitamin-A acetate powder
(~1 mg), pristine CD-NW (~10 mg) and Vitamin-A acetate/
CD-NW (~10 mg) were visually examined by adding 5 mL of
water to the vials which were loaded with the mentioned
samples (Fig. 7 and Video S17). Here, pristine HPBCD-NW and
HPYCD-NW disappeared upon contact with water. On the
other hand, Vitamin-A acetate did not dissolve and remained
on the top of the water over a given period of time because of

Fig. 7 The dissolution behavior of samples in water. (A) Vitamin-A
acetate powder, (B) HPBCD-NW, (C) Vitamin-A acetate/HPBCD-NW, (D)
HPyCD-NW and (E) Vitamin-A acetate/HPyCD-NW. These images were
captured from Video S1.1
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its almost insoluble nature (Fig. 7). In the case of Vitamin-A
acetate/HPBCD-NW, the sample disappeared immediately on
the addition of water; however a slightly turbid aqueous
system was obtained, since the ultimate complex structure of
Vitamin-A acetate/HPBCD most probably had low solubility in
water for the tested sample concentration (2 mg mL™"). Even
so, the Vitamin-A acetate/HPPCD inclusion complexes homo-
genously dispersed in water (Fig. 7). On the contrary, the
uncomplexed and undissolved Vitamin-A acetate content in
Vitamin-A acetate/HPyCD-NW was somewhat heterogeneously
detected in water. Here, the solubility enhancement of
Vitamin-A acetate in Vitamin-A acetate/CD-NW was also indi-
cated using spectroscopic measurement. The same amounts of
Vitamin-A acetate powder (~1 mg) and Vitamin-A acetate/
CD-NW (~10 mg) were stirred in 5 mL water for 1 hour and
then the undissolved parts of Vitamin-A acetate were removed
by filtration. Fig. S2} shows the UV-visible absorption spectra
of the filtered solutions. It is obvious that Vitamin-A acetate
has a very low absorption intensity in the given range because
of its quite poor water solubility (~7.5 pM). On the other hand,
the solution of Vitamin-A acetate/CD-NW indicated a much
higher absorption intensity compared to Vitamin-A acetate
powder (Fig. S21), despite the fact that it contains less
Vitamin-A acetate (~0.5 mg) compared to the Vitamin-A
acetate powder (~1 mg) used for this experiment. This finding
has proved the enhanced solubility of Vitamin-A acetate in
Vitamin-A acetate/CD-NW by inclusion complexation. Even
though Vitamin-A acetate/HPBCD-NW and Vitamin-A acetate/
HPyYCD-NW were obtained with the same loading capacity
(5%, w/w) of Vitamin-A acetate, the absorption intensity of
Vitamin-A acetate/HPBCD solution is higher than that of
Vitamin-A acetate/HPyCD (Fig. S2t). The reason for this is the
uncomplexed/undissolved Vitamin-A acetate present in
Vitamin-A acetate/HPyCD-NW and this suggests that HPRCD
can provide a better solubility enhancement for Vitamin-A
acetate than HPyCD.

In this study, the time-dependent release profiles of
Vitamin-A acetate powder, Vitamin-A acetate/HPBCD-NW and
Vitamin-A acetate/HPyCD-NW were examined as well (Fig. 8).
The significant improvement of release of Vitamin-A acetate in
the nanofibrous webs was demonstrated compared to pure
Vitamin-A acetate (Fig. 8). Both Vitamin-A acetate/CD-NW
samples dissolved instantly with the contact of liquid medium
and showed similar release profiles. Vitamin-A acetate/
HPBCD-NW and Vitamin-A acetate/HPyCD-NW respectively
released 94.3 + 4.9% and 55.2 + 1.3% of the encapsulated
Vitamin-A acetate in the first 30 seconds and indicated an
approximately steady profile up to 10 minutes. This finding
was correlated with the dissolution test in which Vitamin-A
acetate/HPYCD-NW showed lower absorption intensity com-
pared to Vitamin-A acetate/HPPCD-NW at the end of 1 hour
stirring period (Fig. S2t) due to the uncomplexed/undissolved
Vitamin-A acetate part in Vitamin-A acetate/HPyCD-NW. On
the other hand, Vitamin-A acetate powder was almost not
freed into the liquid medium in this given period (10 minutes,
~0.10 + 0.07%). These results also confirmed that the
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Fig. 8 Time-dependent release profiles of Vitamin-A acetate powder,
Vitamin-A acetate/HPBCD-NW and Vitamin-A acetate/HPyCD-NW.

inclusion complex formation between Vitamin-A acetate and
CD within Vitamin-A acetate/CD-NW ensured a distinct
enhancement of the release profile of this active compound
compared to its pristine form of powder. Here, statistical ana-
lyses showed the significant variations between samples with p
< 0.05. The release behaviors of samples were also evaluated
using different kinetic models. The correlation coefficient (R?)
values determined by using the equations of kinetic models
are summarized in Table $2.1 The R* values revealed that the
release behavior of samples fitted with neither zero-/first-order
kinetics nor the Higuchi model. These results supported that
the release of Vitamin-A acetate from nanofibrous webs was
not time dependent and did not happen from a non-soluble
matrix in water.’® On the other hand, results showed higher
consistency with the Korsmeyer-Peppas model, also enabling
the calculation of the diffusion exponent (n) value (Table S27).
For Vitamin-A acetate/CD-NW, the n values were determined in
the range of 0.45 < n < 0.89 suggesting irregular or non-Fickian
diffusion which could explain the diffusion and erosion-con-
trolled based release of Vitamin-A acetate from nanofibrous
webs.*® In short, the dissolution and release test findings are
also correlated with the XRD and DSC data in which the
uncomplexed Vitamin-A acetate in Vitamin-A acetate/
HPYCD-NW was detected precisely. As will be addressed in the
following section on phase solubility, Vitamin-A acetate forms
complexes more favorably with HPBCD compared to HPyCD
which might also lead to more efficient inclusion complex for-
mation in the highly concentrated solution of Vitamin-A
acetate/HPPCD.

The disintegration of Vitamin-A acetate/CD-NW was further
examined on wetted filter paper in order to mimic the oral
cavity.” Fig. 9 and Video S2f indicate the disintegration
profile of Vitamin-A acetate/CD-NW. Both Vitamin-A acetate/
HPBCD-NW and Vitamin-A acetate/HPyCD-NW tend to disinte-
grate upon contact with artificial saliva. Even though Vitamin-
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Fig. 9 The disintegration behavior of samples in saliva simulation:
Vitamin-A acetate/HPBCD-NW and Vitamin-A acetate/HPyCD-NW.
These images were captured from Video S2.}

A acetate/HPYCD-NW  contains uncomplexed/crystalline
Vitamin-A acetate, this situation was not reflected in the disin-
tegration results. As such, the complete disintegration of
Vitamin-A acetate/HPBCD-NW took longer compared to
Vitamin-A acetate/HPyCD-NW and the reason might be the
less soluble nature of Vitamin-A acetate/HPBCD inclusion com-
plexes compared to Vitamin-A acetate/HPyCD ones, which was
also observed in the previous dissolution test. Here, the high
water solubility of the hydroxypropylated derivatives of HPRCD
and HPyCD is an essential dynamic for the high dissolution
and disintegration rate of Vitamin-A acetate/CD-NW.’® Besides,
high surface area and highly porous feature of nanofibrous
webs are other key points which ensure the penetration and
interaction of water through the nanofibers.>® Therefore, the
nanoporous structure of Vitamin-A acetate/CD-NW can create
an easy penetration path for saliva in the mouth, and the
highly soluble nature of modified CD (HPBCD and HPyCD)
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and the inclusion complex entity can facilitate the fast release
of Vitamin-A acetate by rapid dissolution of nanofibrous webs.

3.4. Phase solubility test

Phase solubility is a precise factor in order to get information
about the inclusion stoichiometry, binding constant (K) and
the solubility improvement arising in the case of the inter-
action between CD and guest molecules.”™®® Here, the
Vitamin-A acetate/CD systems were stirred for 24 hours to
provide a proper dynamic equilibrium for inclusion complexa-
tion and filtered aliquots of each of these systems were ana-
lyzed using a UV-visible spectrometer. Fig. 10A shows the
phase solubility diagrams of both Vitamin-A acetate/HPBCD
and Vitamin-A acetate/HPyCD systems plotted for the different
CD concentrations. It is obvious from the graphs that the sol-
vated Vitamin-A acetate amount increases linearly against
increasing CD concentration (0-40 mM). This linear profile
represents the AL type phase solubility diagram which reveals
inclusion complex formation with 1:1 (guest:CD) stoichio-
metry.”® On the other hand, as reported previously by Mufioz-
Botella et al.,, Vitamin-A acetate molecules tend to form
inclusion complexes with 1:2 molar ratio (Vitamin-A
acetate : CD) for HPBCD.*" Depending on this finding, we pre-
pared our electrospinning systems using 1:2 molar ratio
which was also more feasible for fiber formation from the
highly concentrated CD solutions. In the mentioned study,
Muriioz-Botella et al. examined the stoichiometry of the
systems using concentrations of 10 mM for HPBCD and
2-8 mM for Vitamin-A acetate.”’ In our case, the phase solubi-
lity analyses were carried out using more diluted Vitamin-A
acetate (1 mM) and more concentrated HPBCD (0-40 mM)
systems. Therefore, for the experimental conditions that we
have used in the phase solubility test, Vitamin-A acetate mole-
cules might interact with the HPBCD cavity in such a way that
1:1 complexation takes place. Here, the solubility of Vitamin-
A acetate (~7.5 pM) was increased by ~16.1 and ~2.3 times
with HPBCD and HPyCD, respectively. Moreover, the binding
constant (K;) was determined as 387.8 M ' for Vitamin-A
acetate/HPPCD system and 41.4 M~' for Vitamin-A acetate/
HPyCD system. These results also demonstrated that Vitamin-
A acetate forms more favorable and stable inclusion complexes
with HPBCD compared to HPyYCD. This most probably orig-
inates from the better size match between HPPCD and
Vitamin-A acetate which also ensures a better solubility
enhancement for Vitamin-A acetate molecules. These findings
are also correlated with the previous analyses in which uncom-
plexed Vitamin-A acetate was detected in the case of Vitamin-A
acetate/HPyCD-NW, while Vitamin-A acetate molecules were
completely present in the complexed form for Vitamin-A
acetate/HPPCD-NW. It is noteworthy that there is a significant
variation between samples according to statistical analyses (p
< 0.05). To the best of our knowledge, the phase solubility test
reported by Higuchi and Connors®® has not been studied for
Vitamin-A acetate/CD yet. On the other hand, there are several
studies in the literature in which the phase solubility profile of
other retinoid derivatives has been evaluated against
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Fig. 10 (A) Phase solubility diagrams of Vitamin-A acetate/HPBCD and
Vitamin-A acetate/HPyCD systems. (B) Time-dependent antioxidant
activity graphs of Vitamin-A acetate powder (i), Vitamin-A acetate/
HPBCD-NW (i), Vitamin-A acetate/HPBCD-PM (iii), Vitamin-A acetate/
HPyCD-NW (iv) and Vitamin-A acetate/HPyCD-PM (v). (C)
Representative UV-visible spectra and photos of aqueous solutions of
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HPBCD.">" In these related studies, K, values were deter-
mined as 266.6 M™" and 13563.2 M~* for all-trans-retinoic
acid/HPBCD** and 13-cis-retinoic acid/HPPCD™  systems,
respectively, for a 1: 1 molar ratio.

3.5. Antioxidant activity

Uncontrolled reactive oxygen species and free radicals can
create oxidative stresses which induce damage to biochemical
compounds including DNA, lipids, and proteins, which may
result in cardiovascular diseases, diabetes, cancer, and faster
ageing. Antioxidants can scavenge the radical species which
are produced continuously in biological systems, and so their
destructive effects can be neutralized.”>*>®" The antioxidant
potential of Vitamin-A originates from its hydrophobic polyene
chain which has conjugated double bonds and can reduce and
stabilize singlet oxygen, free and peroxyl radicals.**®* In this
study, the antioxidant potentials of Vitamin-A acetate/
HPBCD-NW and Vitamin-A acetate/HPyCD-NW were evaluated
using DPPH scavenging assay. For control, the antioxidant test
was also performed using physical mixtures of Vitamin-A
acetate/HPBCD and Vitamin-A acetate/HPyCD and the powder
form of Vitamin-A acetate. As reported in our previous study,
pristine HPBCD and HPyCD do not have a radical scavenging
property.”" Fig. 10B shows the inhibition graphs of all samples
for the different time periods of 6, 15 and 24 hours. Moreover,
representative UV-visible absorption spectra of the antioxidant
test recorded for 24 hours are depicted in Fig. 10C along with
their representative solution photos.

As seen, the antioxidant activity of each sample increases
slightly in 15 hours and the scavenging performance of
Vitamin-A acetate/HPBCD-NW has stabilized by reaching an
inhibition value of ~100%. It is also obvious that there is no
distinct difference between 15- and 24-hours results for other
samples, as well. These findings are also represented by UV-
visible spectra in which the absorption intensity of DPPH at
517 nm decreased or disappeared and the color of the solu-
tions turned to yellow/yellow-purple depending on the scaven-
ging performance of the samples (Fig. 10C). Vitamin-A acetate
has quite poor solubility in water, so it exhibited quite low
antioxidant activity with maximum 4.5 + 2.0% inhibition in
the given period (Fig. 10B). On the other hand, Vitamin-A
acetate/HPPCD-NW and Vitamin-A acetate/HPyCD-NW showed
99.8 + 0.3% and 51.6 + 8.0% antioxidant activity, respectively,
due to inclusion complexation. Briefly, Vitamin-A acetate/
HPBCD-NW provided the maximum antioxidant activity of
~100% and Vitamin-A acetate/HPyCD-NW showed lower per-
formance (51.6 = 8.0%) for the same sample amount
(~30 mg). As was discussed for the previous analyses, there is
uncomplexed Vitamin-A acetate in Vitamin-A acetate/
HPyYCD-NW and this part could not contribute to the radical
scavenging, since it was removed by the filtration prior to the
incubation period. This finding is also correlated with the
phase solubility, dissolution and release test results, where
HPBCD-based samples exhibited higher solubilizing effect and
release % for Vitamin-A acetate compared to HPyCD-based
samples due to more favorable complex formation between
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Vitamin-A acetate and HPPCD. As observed in Fig. 10B and C,
the physical mixtures of Vitamin-A acetate/HPBCD (36.3 =+
1.3%) and Vitamin-A acetate/HPyCD (13.8 + 2.3%) exhibited
lower antioxidant activity compared to Vitamin-A acetate/
CD-NW because of the uncomplexed state of Vitamin-A acetate
present in the physical mixtures. Even so, the antioxidant per-
formance of the physical mixtures might be considered higher
than it was supposed to be, because the physical mixtures of
Vitamin-A acetate/CD have higher antioxidant performance
than pure Vitamin-A acetate (4.5 + 2.0%). However, it should
not be forgotten that the physical mixtures have been prepared
with an initial Vitamin-A acetate content of ~10% (w/w), while
Vitamin-A acetate/CD-NW samples have been obtained with a
Vitamin-A acetate content of ~5% (w/w). Thus, even though
Vitamin-A acetate/CD-NW contain lower amount of Vitamin-A
acetate compared to their physical mixtures, they exhibited
higher antioxidant activity. The reason for the better perform-
ance of physical mixtures compared to pristine Vitamin-A
acetate powder might be also due to the Vitamin-A acetate/CD
inclusion complexes formed during the stirring of the physical
mixtures which was performed prior to the incubation. The
formed Vitamin-A acetate/CD inclusion complexes in the solu-
tion of physical mixtures were most probably not removed by
the filtration and they took part in the scavenging process. As
expected, the higher complexation efficiency of HPPCD has
also showed its effect in the case of physical mixtures and
Vitamin-A acetate/HPBCD system (36.3 = 1.3%) exhibited
higher performance than Vitamin-A acetate/HPyCD system
(13.8 + 2.3%). To conclude, the complex formation with CD
cavities provided an enhanced solubility and stabilization for
Vitamin-A acetate and so higher amount of active compound
could join the inhibition of DPPH radicals and this suggests
the improved antioxidant performance of Vitamin-A acetate.
The statistical analyses demonstrated the significant variations
between samples (p < 0.05).

4. Conclusions

To conclude, electrospinning is a feasible method in order to
encapsulate different kinds of active compounds in nanofi-
brous webs. On the other hand, the solubility, stability, and
bioavailability of these active compounds can be improved by
forming inclusion complexes with CD molecules. The combi-
nation of these two phenomena enables one to produce func-
tional nanofibrous webs from the CD inclusion complexes of a
variety of compounds which can be utilized as encapsulation
systems and can offer enhanced properties for these active
compounds by complexation. Here, polymer-free inclusion
complex nanofibers of Vitamin-A acetate were obtained using
two different derivatives of CD (HPBCD and HPyCD). For both
CD types, self-standing nanofibrous webs were obtained with
uniform morphology. The loading capacity of the ultimate
Vitamin-A acetate/CD-NW was determined as 5% (w/w, with
respect to total sample amount). The water solubility of the
poorly soluble Vitamin-A acetate has been significantly
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improved in the case of both HPBCD and HPyYCD nanofiber
systems. Additionally, both types of Vitamin-A acetate/CD-NW
exhibited fast release profiles in liquid medium and fast disin-
tegration profiles in saliva simulation. Moreover, the anti-
oxidant property of Vitamin-A acetate was meaningfully
enhanced in the case of Vitamin-A acetate/CD-NW. It was
found that HPBCD forms more favorable inclusion complexes
with Vitamin-A acetate, and so it provides distinctly greater
improvement for both the water solubility and antioxidant
property of Vitamin-A acetate compared to HPyCD.
Additionally, the polymer-free Vitamin-A acetate/CD-NWs pro-
duced in water without using an additional toxic solvent or
chemicals are quite promising materials for food- and pharma-
ceutical-based applications. Here, we have reported the gene-
ration of polymer-free electrospun nanofibrous webs of
Vitamin-A acetate/CD inclusion complexes which have free-
standing, flexible, lightweight, and foldable characteristics. In
this study, we aimed to integrate the unique properties of both
CD inclusion complexes and electrospun nanofibers to
develop a new generation of food/dietary supplements having
orally fast-dissolving properties and a nanofibrous web
structure.
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