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The nanostructures of kefiran can be used in different applications such as
medicine, drug delivery and biology. Aiming to introduce a novel biocomposite
of kefiran usable in drug delivery systems, the biocomposite nanofibers of
kefiran/chitosan/poly (vinyl alcohol) (Kf/CS/PVA) were prepared with a bead-less
morphology and minimum mean fiber diameter. The optimum concentration
of polymers, blend ratios, and electrospinning parameters were chosen based
on analyzing the nanofibers by the scanning electron microscope (SEM). The
prepared nanofibrous mats were then characterized further with the atomic
force microscope (AFM), Fourier transform infrared (FT-IR) and contact angle
measurement. The prepared nanocomposite was studied as a potential drug
carrier for pramipexole dihydrochloride, a widely used treatment for Parkinson’s
disease. Pramipexole loaded Kf/PVA and Kf/CS/PVA nanocomposite were
fabricated using electrospinning and crosslinked by glutaraldehyde. The release
features of all drug-loaded nanofibers were conducted for studying using in
vitro dissolution procedure and UV-Visible spectroscopy. Kf/PVA nanofibers
showed slow and low drug release properties in contrast to Kf/CS/PVA. Although
crosslinked composite nanofibers had slower release behavior than their non-
cross-linked counterparts. The maximum release and reaching a steady state
of crosslinked Kf/CS/PVA took four days introducing it as the best candidate of
kefiran nanocomposite for drug delivery of pramipexole.
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INTRODUCTION

Natural polymers (biopolymers) are used
as nontoxic, biodegradable, and biocompatible
materials, but they are poor in mechanical
performance compared with synthetic polymers.
The properties of biopolymers such as tensile
strength, break elongation, and stiffness can be
improved by adding synthetic polymers and
producing biocomposites [1-4]. Polysaccharide-
based bio-nanocomposites with animal and plant
origins (e.g., chitosan, cellulose, kefiran, and starch)
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can be blended with different synthetic polymers
(e.g., polyvinyl alcohol and polyethylene oxide) in
order to prepared biocomposites with improved
properties [5-8].

As a natural carbohydrate polymer taken
from kefir grains, Kefiran (Kf) has gained
significance among biopolymers owing to its
role in fermented products and applications as a
vehicle for probiotic microorganisms, packaging
food, and oral delivery of some drugs [9-12].
Additionally, kefiran and kefiran composites have
been reported to have numerous health promotion
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effects such as antitumor, antifungal, antibacterial
activities, and neuroprotection effects as well
as kefir was introduced as a protective dietary
supplementation against viral infection with the
inhibitory action of the ‘cytokine storm’ (leading
protection from the COVID-19 disease) [13-21].
Such benefits make kefiran a plausible choice for
developing new nanostructured materials. Pure
kefiran films are generally brittle with a lackluster
mechanical performance. Limited research
has reported mixing kefiran with plasticizers
or polymers to enhance films transparency,
flexibility, and mechanical resistance [22-25].
Producing a novel nanocomposite of kefiran
with improved mechanical and morphological
properties is a challenge for kefiran product studies
as nanomedicine materials. Enhanced flexibility
without tensile strength impairment and good
blend miscibility is already shown in Kf/starch
composite films [26]. Improved physical and
mechanical composite properties are reported by
the addition of whey protein isolate [27], cellulose
gum (CMC) [28], and waterborne polyurethane
[29] to kefiran films.

From kefiran nanostructures, kefiran nanofibers
fabricated by electrospinning method using water
as green solvent is also reported [30], and since
then, some studies have been published to produce
nanocomposites of kefiran nanofibers with a
potential ability to be used in several nanomedicine
fields, from drug delivery to regenerative medicine
and tissue engineering. For example, Jenab et al.
fabricated Kf/PAN nanofibers showing that kefiran
nanofibers are applicable to enhance the growth of
PBMC and reduce the growth of MCF7 cancerous
cells [31]. The Kf/PAN nanofibrous scaffolds have
been found to have superior properties for the
neural stem cell culture, particularly for fixing
injured spinal cords. Kf/polyethylene oxide (PEO)
nanofibers’ antimicrobial properties with oxidizing
functional groups fabricated by the electrospinning
method are also confirmed against S. aureus [32].

Among many types of synthetic polymers,
polyvinyl alcohol (PVA) is a promising polymer
for producing of nanofibrous composite due to
its water-soluble, noncorrosive, biocompatible,
and biodegradable properties [33-34]. The
bionanocomposites of PVA are promised carriers
for medication in diagnosis, drug delivery system,
sensing, and actuation in a living organism because
of their suitable chemical and biological resistance,
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high tensile and hydrophilic strength, and strong
fiber formation power [35-38]. Previously, our
research team investigated the novel Kf/PVA
nanofibers [39] and kefiran/PVA/PVP nanofibers
[40], and it was observed that kefiran can produce
smooth and fine composite nanofibers with PVA.

Also, Faridi et al. [41] fabricated composite
nanofibers of kefiran with chitosan (CS) which
is a linear water-insoluble biopolymer and has
outstanding properties such as non-toxicity,
biodegradability, and biocompatibility used to
prepare water insoluble composites [42-46]. It is
found that increasing the amount of CS polymer in
kefiran’s composite films can lower moisture content
and solubility in water but can increase tensile and
puncture strength and break elongation [47]. So,
CS can be a good water-insoluble biopolymer to
control the solubility of Kf composite nanofibers.

Kefiran has gained significance in therapeutic
applications such as novel drug delivery
nanocarriers,  tissue engineering  scaffolds,
and platelets encapsulation [48]. Despite the
enormous potential of kefiran in medicine as well
as application of nanofibers in transdermal drug
delivery systems, limited research has studied
kefiran nanofibers in drug delivery systems. To the
best of the authors’ knowledge, only the delivery of
antibiotic agents such as Kf/doxycycline nanofiber
[48] and Kf/ciprofloxacin microdpher [49] have
been investigated thus far. And no single study has
reported using kefiran nanofibers as a drug delivery
carrier for other therapeutic agents. Although the
applications of Kf/PVA [39-40] and Kf/CS [41]
composite nanofibers in drug delivery have yet to
be explored.

Accordingly, in this study, we prepared
and characterized kefiran-based biocomposite
nanofiber mats using PVA and CS polymers to the
delivery of pramipexole. First, the electrospinning
method was used to fabricate Kf/CS/PVA
composite nanofibers with a unique morphology
and a large, specific surface area. The chemical,
physical, and morphological properties of prepared
nanocomposites were then characterized and
discussed. Moreover, the addition of the pramipexol
drug to Kf/CS/PVA nanofibers and its drug release
properties were investigated and compared with
Kf/PVA nanofibers, promising to introduce novel
biocomposite patches based on kefiran nanofibers
to be used in medicine and drug delivery systems
in neurological drugs delivery.
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EXPERIMENTAL
Materials and apparatus

Kefir grains were purchased from a grocery
store in Tehran, Iran. PVA (88,000 g/mol molecular
weight and 88% degree of hydrolysis) and chitosan
(deacetylation degree of 75%) were obtained from
Sigma-Aldrich (USA). 240 mg of pramipexole
dihydrochloride were applied. All solvents and
chemicals were used as received.

The electrospinning processes were carried
out using a laboratory scale electrospinning unit,
Electronics (FNM Ltd., Iran, http://www.fnm.
ir), with high DC voltage power supplies (0-35
kV) and a syringe with an 18-gauge stainless steel
needle as the nozzle. The electrospun nanofibers
were collected on an aluminum foil wrapped on
a cylindrical rotating collector. Fourier transform
infrared (ATR-FTIR) spectra were recorded at the
spectral range of 400-4000 cm™ with Shimadzu
equipped with an attenuated total reflectance
diamond crystal accessory. Thermal analyses were
carried out employing the differential scanning
calorimetry (DSC) method with a METTLER
TOLEDO DSC1 STAR® system. The morphologies
of the fibers were characterized by the scanning
electron microscope (SEM, Philips XL 30, and
S-4160). The obtained electrospun mats which
were collected on aluminum foil were cut into 3x3
cm pieces, coated with gold by a sputter coater
(Bal-Tec, SCD 005, USA), and then SEM images
were recorded. The mean diameter of nanofibers
was estimated to be over 20 nanofibers by the
Microstructure Measurement software. Nanofiber
diameter distributions were analyzed using the
Origin software. Atomic force microscope (AFM)
measurements were carried out by AFM NT-MDT,
TD150 (Russia). UV spectra were recorded using
a UV-Visible spectrophotometer PG Instrument
T80. In-vitro dissolution tests of electrospun mats
were performed using a USP dissolution apparatus
I (IRAN, www.noavaranInd.co). Contact angles
were measured using a Veho USB Microscope 400x.

Preparation of kefiran biopolymer solutions

Kefiran polysaccharide was extracted from kefir
grain and cultured in milk using the previously
reported method [42]. Briefly, kefir grains were
cultured in skimmed milk for 24 hours at room
temperature. Then, the grains were washed gently
with water followed by another culturing cycle, and
cycles were repeated every day for one month. The
accurate weight of activated kefir grains was added
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to boiling water (1:10) and stirred for two hours.
The resulting mixture was cooled to 20°C. The
dissolved polysaccharide in the supernatant was
precipitated by adding two volumes of cold ethanol
(96%) and kept at -20 °C for 24 hours. Next, the
mixture was centrifuged at 4 °C. The resulting
precipitate was finally dissolved in warm distilled
water (the kefiran solution) and then dried in an
oven at 60 °C for 48 h. 2%, 4%, 6%, and the 8%
kefiran solutions were prepared by adding 0.2, 0.4,
0.6, and 0.8 g kefiran into 10 mL of distilled water;
finally, the resulting solutions were magnetically
stirred at 50 °C for one hour.

Preparation of Kf/CS/PVA composite fibers

Kf/CS/PVA composite fibers by varying the
concentration of kefiran

To prepare the 3% W/V CS solution, 0.6 g of CS
was slowly added to 20 mL of diluted acetic acid
(1% V/V in water) as solvent while stirring for 30
minutes.

10 % W/V of PVA was prepared by slowly
dissolving of 1g PVA in 10 mL 50 °C water during
1h.

CS/PVA solution was prepared with mixing
ratio of 30:70 for prepared solutions of CS:PVA.

Various concentrations of kefiran solution in
water (2, 4, 6, and 8 % W/V) were prepared then
added to CS:PVA with a mixing ratio of 50:50,
and 5 mL of these solutions were loaded into a
syringe. The syringe was connected to the syringe
pump of Electroris. The optimum electrospinning
conditions of this experiment were set as follows:
a voltage of 15 kV, 0.5 mL/h flow rate, and 10 cm
for tip-to-collector distance. Morphology and the
size of electrospun nanofibers were determined via
SEM.

Kf/CS/PVA composite fibers by varying the polymer
mixing ratios

To determine the optimum ratio of kefiran
solution to CS/PVA solutions, four mixtures were
prepared (as 10:90, 25:75, 50:50, 75:25, and 90:10).
The electrospinning conditions of this experiment
were set as mentioned in the previous section
(2.3a). Morphology and the size of electrospun
nanofibers were determined via SEM.

Optimized Kf/CS/PVA composite solution
Kf:CS/PVA (10:90, optimal mixing ratio gained

from analysis of 2.3b nanofibers) were prepared

by adding 4.5 mL of PVA:CS solution (70:30) to
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0.5 mL of 8% (W/V) kefiran solution (optimal
concentration of kefiran gained from analysis of
2.3a nanofibers) in water, and the mixture was
dissolved under magnetic stirring at 50 °C until
a clear solution was obtained. The solution was
cooled to room temperature.

Preparation of pramipexole-loaded Kf/CS/PVA
nanofibers

240 mg pramipexole was gradually added to
5 mL Kf/CS/PVA solution (prepared according
to 2.3¢) of and stirred for 15 minutes. 10 mL of
this solution was loaded into the syringe to be
electrospun under the electrospinning conditions
of section 2.3a.

To crosslink nanofibers in presence of
glutaraldehyde vapor, a 10x15 cm piece of
pramipexole-loaded ~ Kf/CS/PVA  electrospun
mat was placed in a desiccator containing 20 mL
glutaraldehyde for 24 hours, and then, this section
was dried in vacuum for four hours at room
temperature to remove the glutaraldehyde residual.
This piece and a non-cross-linked sample of the
same size were later analyzed for evaluating in vitro
drug release properties by dissolution test and UV-
Visible spectroscopy.

Preparation
nanofibers

6 mL PVA solution with a concentration of
8% W/V was added to 4 mL Kf solution with a
concentration of 6% W/V (60:40 mixing ratio
according to previously reported data [39]), and the
mixture was stirred at 50°C until a clear solution
was gained. Then, the solution was cooled to room
temperature and pramipexole dihydrochloride
(240 mg) was added gradually over time. 10 mL
of this solution was electrospinned when the
conditions were set as follows: an applied voltage
of 18 kV, 1 mL/h flow rate, and 200 mm tip-to-
collector distance.

A 15%x10 cm piece of pramipexole-loaded Kf/
PVA mat was cross-linked via the same procedure
as explained in the previous section. Pramipexole-
loaded Kf/PVA and cross-linked pramipexole-
loaded Kf/PVA were analyzed for evaluating in-
vitro drug release properties by dissolution test and
UV-Visible spectroscopy.

of  Pramipexole-loaded  Kf/PVA

In-vitro drug release measurements
Standard solutions of 1, 2, 5, 10, 15, 20, and 25
ppm of pramipexole drug were made. Then, the
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absorbance of standard solutions was measured
at a maximum wavelength of 263 nm according
to pramipexole United States Pharmacopeia
(USP) using distilled water as a blank solution.
A calibration curve was drawn as a plot of
absorbance vs. concentration. Crosslinked and
non-crosslinked pramipexole-loaded nanofibrous
mats (Kf/PVA and Kf/CS/PVA) were chopped and
placed in separate dissolution baskets containing
900 mL phosphate buffer (pH 7.4) maintained at
optimal temperature 37 °C and stirred at 100 rpm.
Samples (5 mL) were withdrawn after 5, 10, 20, and
30 minutes and after 1, 2, 6, 24, 48, and 72 hours
from the medium release, and the fresh buffer at an
equivalent volume was replaced immediately. The
released drug concentrations in the samples were
assayed by UV-Visible spectroscopy.

RESULTS AND DISCUSSION

Kefiran polysaccharide was extracted from
activated kefir grains in skimmed milk (Fig. 1). The
effect of the concentration of kefiran solution (%
W/V) on the morphology of Kf/CS/PVA composite
nanofibers was examined. A solution of CS:PVA
(30:70) was prepared, and then, this solution was
mixed with different concentrations of kefiran
solutions with a ratio of 50:50 (Table 1).

As depicted in the SEM images of Fig. 2, all
samples had nanofibrous morphologies; however,
samples a-c had discontinuous fiber formation.
The mean diameter of the fibers decreased with an
increase in the concentration of kefiran. Sample
d with 8% W/V of kefiran concentration showed
fibers with the lowest mean diameter, smooth,
uniform, and continuous fiber formation with
a small amount of bead, hence chosen as the
optimum kefiran concentration. The optimum
blending ratio of kefiran solution (8% W/V) to
CS:PVA polymeric solutions (10% W/V PVA and
3% W/V CS with the blending ratio of 30:70) was
determined by comparing five different blending
ratios (Table 2).

Fig. 3 demonstrates the Kf/CS/PVA composite
nanofibers SEM images and fiber diameter
distribution relating to different blending ratios of
Kf:CS/PVA. The mean diameter of the nanofibers
enhanced with increasing kefiran ratio in polymer
blends. At high Kf ratios ranging from 25-90 %
V/V adhesion between nanofibers, noncontinuous
electrospinning, and lack of uniformity in the
distribution of diameters were observed (Fig. 3 (b-
e)). At the 10 % V/V Kf ratio in a polymeric blend

Nanomed Res J 8(2): 193-209, Spring 2023
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Fig. 1. Macroscopic image of (a) kefir grains (b) kefir (c) cultured grains in skimmed milk (d) dried kefiran (e)As-extracted kefiran.

Table 1. Investigation of fiber structures of Kf/Cs/PVA® samples, which correspond to different concentrations of kefiran solution®.

Concentration of kefiran solution

Entry (wiv %) Mean fibers diameter (nm) Fiber structure

Sample a 2 87 discontinuous fibers
Sample b 4 59 Inconsistent fibers
Sample ¢ 6 74 Inconsistent fibers
Sample d 8 30 Uniform and Continuous fibers

*Blending ratio of Kf:Cs/PVA is 50:50.
® Electrospinning parameters were kept constant (an applied voltage of 15 kV, 0.5 mL/h flow rate, temperature of around 25-30°C, 10 cm tip-to-collector distance).

Fig. 2. SEM images (with different magnification, scale bar corresponds to 2 um and 500 nm) and fiber diameter distribution of Kf/Cs/
PVA nanofibers relating to different kefiran solution concentrations: (a) 2% (b) 4% (c) 6% (d) 8% W/V.

Nanomed Res J 8(2): 193-209, Spring 2023
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Continued Fig. 2. SEM images (with different magnification, scale bar corresponds to 2 um and 500 nm) and fiber diameter distribu-
tion of Kf/Cs/PVA nanofibers relating to different kefiran solution concentrations: (a) 2% (b) 4% (c) 6% (d) 8% W/V.

Table 2. The effect of polymeric blending ratios of Kf/Cs/PVA®* samples on average fiber diameters.

Entry kefiran ratio (V/V) blending ratio of PVA: Cs (V/V) Average fibers diameter (nm)
Sample a 10 90 125
Sample b 25 75 150
Sample ¢ 50 50 138
Sample d 75 25 183
Sample e 90 10 158

* Electrospinning parameters were kept constant (an applied voltage of 15 kV, 0.5 mL/h flow rate, temperature of around 25-30°C,
10 cm tip-to-collector distance).
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(a)

Fig. 3. SEM images (with different magnification, scale bar corresponds to 2 um and 500 nm) of Kf/Cs/PVA nanofibers corresponding
to different polymeric blending ratios of Kf:Cs/PVA: (a) 10:90 (b) 25:75 (c) 50:50 (d) 75:25 and (e) 90:10.
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(e)

Continued Fig. 3. SEM images (with different magnification, scale bar corresponds to 2 um and 500 nm) of Kf/Cs/PVA nanofibers
corresponding to different polymeric blending ratios of Kf:Cs/PVA: (a) 10:90 (b) 25:75 (c) 50:50 (d) 75:25 and (e) 90:10.

of CS/PVA:KI, the lowest mean diameter, beadless
and continuous fiber structures were obtained (Fig.
3a).

Therefore, nanofibrous mats comprising Kf:CS/
PVA with a blending ratio of 10:90 were selected for
studying the possibility of nanofibers as pramipexole
carriers. The optimum concentration of Kf, PVA,
and CS solutions were 8%, 10%, and 3% W/V,
respectively. After optimizing the electrospinning
of Kf/CS/PVA nanofibers, pramipexole was chosen
as a drug to study the drug delivery ability of kefiran
composite nanofibers. To this end, 240 mg of drug
was blended with Kf/CS/PVA solution due to the
percentage of pramipexole in commercial non-
nano patches [50]. The blended pramipexole/Kf/
CS/PVA solution was electrospun at the condition
the same as the Kf/CS/PVA electrospinning
process. The electrospun pramipexole-loaded Kf/
CS/PVA nanofibers were prepared and cross-
linked with glutaraldehyde vapors (GTA) at
room temperature. Figures 4.a and 4.b show the
SEM image of pramipexole-loaded Kf/CS/PVA
nanofibers and cross-linked pramipexole-loaded
Kf/CS/PVA nanofibers, respectively. As can be
seen in Fig. 4a, beadless and consistent nanofibrous
morphology exists for the drug-loaded fibers with a
mean diameter of 90 nm. A decrease was observed
in the fiber diameter of the drug-loaded nanofibers
compared to the Kf/CS/PVA nanofibers (125 nm).

The SEM images of cross-linked electrospun
pramipexole-loaded Kf/CS/PVA nanofibers (Figure
4. b) with glutaraldehyde show the maintenance of
nanofibrous structures while adhesion between
nanofibers is observed, approving the cross-
linking process. The increased diameter of the
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nanofibers (94 nm) is attributed to the adsorption
of glutaraldehyde vapors into the nanofibrous
structure. Furthermore, we investigated the
potential of Kf/PVA composite nanofibers as a
pramipexole carrier to compare them with Kf/CS/
PVA composite nanofibers. In our previous work,
modified Kf/PVA composite nanofibers containing
[39] 8% PVA and 6% Kf polymer blend with the
mixing ratio of Kf:PVA 40:60 was prepared and
loaded with 240 mg pramipexole dihydrochloride;
the nanofibers were then fabricated via the
electrospinning process (electrospinning
parameters were set as an applied voltage of 18
kV, 1 mL/h flow rate, and 200 mm tip-to-collector
distance).

SEM micrographs, pramipexole-loaded Kf/
PVA composite nanofibers, and GTA cross-linked
pramipexole-loaded Kf/PVA composite nanofibers
(Fig. 5) showed the successful fabrication of
beadless, uniform fiber structures. The mean
diameter of the fibers reduced from 90 nm in
pramipexole-loaded Kf/CS/PVA nanofibers (Fig.
4a) to 58 nm in chitosan-free composite fibers (Fig.
5a). Adhesion was observed between nanofibers
after crosslinking (Fig. 5b) while the nanofibrous
morphology of the fibers stayed the same. The
increased size of the fibers due to glutaraldehyde
crosslinking was also evidenced (113 nm). Cross-
linked pramipexole-loaded Kf/PVA composite
nanofibers as larger in diameter (113 nm) than
cross-linked  pramipexole-loaded ~ Kf/CS/PVA
nanofibers (94 nm), proving that chitosan addition
can decrease the ability to crosslink due to losing
the brig structure of PVA crosslinking.

The AFM topographic images of pramipexole-

Nanomed Res J 8(2): 193-209, Spring 2023
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b)

Fig. 4. SEM image (with different magnification, scale bar corresponds to 2 um and 500 nm) and fiber diameter distribution of electro-
spun (a) pramipexole-loaded Kf/Cs/PVA nanofibers and (b) cross-linked pramipexole-loaded Kf/Cs/PVA nanofibers.

Fig. 5. SEM image (with different magnification, scale bar corresponds to 2 um and 500 nm) and fiber diameter distribution of electro-
spun (a) pramipexole-loaded Kf/ /PVA nanofibers and (b) cross-linked pramipexole-loaded Kf/ PVA nanofibers.
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loaded Kf/PVA, cross-linked pramipexole-
loaded Kf/PVA, pramipexole-loaded Kf/CS/PVA,
and cross-linked pramipexole-loaded Kf/PVA
composite nanofibers are depicted in Fig. 6. Yet,
due to the crosslinking adhesion, the 3D structure
and nanofibrous morphology of the fibers were

well-maintained after GTA crosslinking (Fig. 7.a
and 7.b). AFM analyses revealed the nanofibrous
morphology of the materials either in cross-linked
or non-cross-linked frameworks (two nano-sized
coordinates and a non-nano dimension along the
xy-coordinates), though the adhesion between

Fig. 6. AFM topographical images of pramipexole-loaded (a) Kf/PVA (b) cross-linked Kf/PVA (c) Kf/Cs/PVA and (d) crosslinked Kf/
Cs/PVA nanofibers.
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(d)

Continued Fig. 6. AFM topographical images of pramipexole-loaded (a) Kf/PVA (b) cross-linked Kf/PVA (c) Kf/Cs/PVA and (d)
crosslinked Kf/Cs/PVA nanofibers.
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Fig. 7. FT-IR spectra of (a) pure PVA (b) pure Cs (c) purified kefiran biopolymer (d) Kf/PVA nanofibers (e) Kf/Cs/PVA nanofibers

(f) pramipexole-loaded Kf/PVA nanofibers (g) cross-linked pramipexole-loaded Kf/PVA (h) pramipexole-loaded Kf/Cs/PVA and (i)
cross-linked pramipexole-loaded Kf/Cs/PVA nanofibers.
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nanofibers in cross-linked structure was observed
as well (Fig. 4).

Fig. 7 shows the FT-IR spectra of pristine
polymers, electrospun nanofibers of Kf/PVA and
Kf/CS/PVA, pramipexole-loaded Kf/PVA, cross-
linked pramipexole-loaded Kf/PVA, pramipexole-
loaded Kf/CS/ PVA, and cross-linked pramipexole-
loaded Kf/CS/PVA nanofibers, respectively. The
pure PVA (Fig. 7a) showed different transmittance
peaks at 813, 1226, 1353, 1535, 1724, 2875, and
3614 cm™, corresponding to the (C-C), (C-0),
(CH), (CH-OAC), and (C=0) residual from
primary vinyl acetate, (CH2), and free (OH)
resonance, respectively, which is in agreement
with the findings of previous research [50-51].
As indicated in the FT-IR spectrum of kefiran
(Fig. 7.c), at the fingerprint region of 900-1200
cm’, characteristic absorption bands of kefiran
polysaccharide including stretching modes of ring
bonds and side groups (C-O-C, C-OH and C-H)
and the vibration modes of glucose, galactose, and
B-linkage were observed in the structure of pure
kefiran [52]. Also, the peak at 1645 cm™ is related to
the bond of water [53]. Fig. 7b shows characteristic
peaks of CS. The absorption peak at 1080 cm
was related to the C-O-C of the cyclic ether
stretching of CS The amide-type II of CS appeared
at 1558 cm™[54]. In addition, the absorption
peaks around 1643 and 1687 cm™ were attributed
to C=0 amid type I, the esteric group of CS [55].
The characteristic peaks at 2928 and 2956 cm
were related to CH, symmetric and asymmetric
starching vibration. The presence of broad peaks
at 3261, 3421, and 3443 cm is a result of the
stretching vibration of ~-OH and -NH, involving in
the inter and intramolecular hydrogen bonding in
CS [56]. The FT-IR spectrum of electrospun Kf/CS/
PVA nanofibers (Fig 7e) revealed the characteristic
peaks of all the components as well as overtones
of C=0 stretching at 2360 cm’!, around 2924 cm'!
for aliphatic C-H, and overtones of O-H stretching
at 3440 cm™. The ATR-FTIR spectra of the cross-
linked and non-cross-linked pramipexole-loaded
Kf-PVA nanofibers demonstrated the successful
incorporation of pramipexole into the fibers (Fig.
7.f, g). Absorption bands at 2921, 2850, 1440,
1320, 1242, 1095, and 850 cm™ were attributed to
CH, CH,, C-C, C-O, CH, CHOH, and CH-OH,
respectively. Broad bands above 3000 cm™ are
indicative of hydroxylic groups of polysaccharides
and PVA polymer. The absorption bands at 1300-
1800 cm™ were ascribed to the stretching and
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bending vibrations of PVA polymer, and the bands
at the fingerprint region complied with stretching
modes of carbohydrates rings and their side chains.
The characteristic peaks of PVA and kefiran were
observed along with the overtone peaks of C=0
stretching at 2360 cm™, aliphatic C-H around 2920
cm’!, and the O-H stretching of both PVA and
kefiran at 3440 cm™. The absorption bands at 3137,
3163, 3635, and 3751 cm™ related to NH and NH,
groups (1575cm™ and 1238-1253 cm™assigned to
N-H bending and C-N stretching of pramipexole)
evidently demonstrated loading of the drug into
the electrospun nanofibers. From the comparison
of spectra of Kf/PVA (Fig. 7d) and Kf/Cs/PVA (Fig.
7e) with drug loaded composite nanofibers ( Fig.
7f-71), it can be concluded that the characteristic
peaks of pramipexole, including 756, 839-945,
1133-1135, 1238-1253, 1533, 1575, 1714, 2324,
3163-3751 cm™ that correspond to C-H bending,
C-N bending, C=C bending, C-N stretching, ring
C=N, N-H bending, phenyl nitro thiazole ring,
aliphatic C-H stretching, NH and NH, stretching
respectively, are evident in all spectra. Appearance
of specified peaks related to pramipexol suggests
the successful loading of drug and indicates that
the integration of the drug with polymers followed
by electrospinning did not change the structure of
the drug or polymers.

The water contact angle of the cross-linked
and non-cross-linked pramipexole-loaded Kf/
PVA and Kf/CS/PVA nanofibers were measured
(Fig. 8). As can be seen in Fig.s 8.a and 8.b, the
water contact angle of pramipexole-loaded Kf/
PVA and cross-linked pramipexole-loaded Kf/
PVA were 43° and 65° respectively. The higher
contact angle of cross-linked nanofibers revealed
the increased hydrophobicity of the material after
being cross-linked owing to the entanglement of
hydroxyl groups in the acetal bonds of PVA. This
medium wettability is considered to have a great
potential for using the drug on the skin due to the
extended release of the drug on the amphiphilic
structure of skin. Wettability also decreased by the
GTA cross-linking of the Kf/CS/PVA nanofibers
(Fig. 8.c and 8.d) leading to an increased contact
angle (water contact angle of 55° for cross-linked
pramipexole-loaded ~ Kf/CS/PVA  nanofibers
compared to the contact angle of 33°). The water
contact angle of cross-linked pramipexole-loaded
Kf/CS/PVA nanofibrous mats was indicative of
the typical hydrophilic nature of the fibers (Fig.
8). The contact angle of drug-loaded Kf/CS/PVA
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Fig. 8. Water contact angle of electrospun nanofibers of pramipexole-loaded (a) Kf/PVA (b) cross-linked Kf/PVA (c) PVA/Cs/Kf nano-
fibers d) cross-linked PVA-Cs-Kf nanofibers

nanofibers was lower than corresponding Kf/PVA
nanofibers because of the presence of chitosan as a
hydrophobic polymer.

In vitro dissolution measurements were
employed to determine the drug release features
of cross-linked and non-cross-linked pramipexole-
loaded nanofibers using a dissolution apparatus
(phosphate buffered saline pH 7.4 as a solvent, 37
°C). Pramipexole concentration in the samples
was measured at specific intervals via UV-Visible
spectroscopy. Standard solutions of 1, 2, 5, 10, 15,
20, and 25 ppm were prepared, and absorbencies
were recorded at the maximum wavelength of
263 nm at 25° C to draw and calibration curve
of standard solutions (Fig. 9). The amount of
pramipexole in nanofibril samples was calculated
using the calibration curve of standard solutions.

Fig. 10 depicts the drug-loaded, electrospun
nanofibers’ release profile. The drug release
percentage was calculated given the maximum drug
release of 40 mg in 13x5 cm pieces of nanofibrous
mats.

Nanomed Res J 8(2): 193-209, Spring 2023
[ E—

Fig. 10.a shows the release behavior of
pramipexole-loaded Kf/PVA nanofibers. As can be
seen, during the first five minutes of immersion,
18% of the drug was released and reached 24%
after 48 hours. The maximum amount of drug
release and reaching a steady state occurred after
56 hours. Dadashi et al [45] loaded doxycycline in
kefiran nanofibers and study release behavior and
antibacterial effect of doxycycline/Kef nanofibers.
The maximum amount of drug released from
doxycycline/Kef nanofibers was about 45% of the
loaded drug over 96 h with 30% burst release in 5
h. Strong hydrogen bonding between drug, PVA,
and kefiran is supposed to resist the solvation of the
drug in water led to very slower and lower release
behavior of Kf/PVA nanofibers than Kf nanofibers.

Compared to non-cross-linked pramipexole-
loaded Kf/PVA nanofibers, cross-linked drug-
loaded Kf/PVA nanofibers had a slower initial
release, but the percentage of the release was
closed and followed the same behavior with a
3-5% decrease in the total release of the drug. As
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Fig. 9. Calibration curve of pramipexole standard solutions in phosphate buffer pH 7.4.
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Fig. 10. Drug release behavior of pramipexole-loaded (a) Kf/PVA nanofibers (b) cross-linked Kf/PVA nanofibers (c) Kf/Cs/PVA nano-
fibers (d) cross-linked Kf/Cs/PVA nanofibers.

indicated in Fig. 10.c, about 40% of pramipexole
was released in five minutes after the immersion
of electrospun pramipexole-loaded Kf/CS/PVA
nanofibers. The release of the drug kept increasing
at a slow rate and reached the maximum amount
of 75% of loaded drug after 72 hours that is higher
than Kf/PVA nanfibers with 21% release after 72 h.
It may be due to the high level of hydrogen bonding
between PVA and drug which limits the release of
drugin Kf/PVA nanofibers. While in the presence of
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chitosan, these bonds are more between polymers
and the hydrophobic properties of chitosan lead to
more drug release in Kf/CS/PVA nanofibers.

The in-vitro pramipexole release in crosslinked
electrospun  pramipexole-loaded  Kf/CS/PVA
nanofibers started five minutes after immersion
with a 34% release and reached 53% in 72 hours.
The maximum release and reaching a steady state
took four days in total which can be attributed
to the protection of the drug in the cross-linked
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structure, causing a sustained release of the drug
over time. The formation of acetal bonds between
the hydroxyl groups of polymers and the carbonyl
groups of glutaraldehyde blocked the hydroxyl
groups. Consequently, this reduced the wettability,
permeability, and solubility of the PVA substrate,
resulting in a sustained drug release in drug-loaded
nanofibers. Therefore, as opposed to the positive
influence of crosslinking on the release behavior
of pramipexole-loaded nanofibers, nanofibers’
crosslinking led to a decrease in the drug release
percentage and the initial release, hence a better
choice for sustained-release drug delivery systems
than non-cross-linked nanofibers. Thus, the
reported experimental data in this study suggest
that Kf/CS/PVA is a better drug carrier than Kf/
PVA nanofibers because of its more sufficient,
sustained, and controlled drug release power due
to more controlled polarity properties of polymers
with the addition of chitosan which can control
diffusion, solubility, and release of nanofibers mat
as a drug carrier.

CONCLUSION

K{f/CS/PVA composite nanofibers and kefiran/
PVA composite nanofibers were synthesized by
electrospinning method. The concentration of Kf,
mixing ratio of Kf with CS/PVA and electrospinning
condition were optimized by analyzing the SEM
image of nanofibers. SEM images approved that
10% PVA, 3% CS, and 8% kefiran with 10:90 mixing
ratio of Kf:CS/PVA, the electrospinning voltage of
15 kV, 0.5 mL/h flow rate, and a 100 mm tip-to-
collector distance were the optimum condition for
fabrication of Kf/CS/PVA composite nanofibers.

The nanofibers of pramipexole-loaded Kf/
PVA and promipexole-loaded Kf/CS/PVA were
fabricated in the optimum condition led to smooth
and fine nanofibers with the average diameter
of 58 nm and 90 nm respectively. Drug-loaded
nanofibers were cross-linked using glutaraldehyde
vapors. The SEM images showed an average
diameter of 113 nm and 94 nm for GTA cross-
linked pramipexole-loaded Kf/PVA and Kf/CS/
PVA nanofibers respectively. Water contacts angle
analysis demonstrated theincreased hydrophobicity
of the fibers by cross-linking. The release behavior
of all drug-loaded nanofibers were studying using
in vitro dissolution procedure and UV-Visible
spectroscopy. Kf/PVA nanofibers showed slow and
low drug release properties in contrast to Kf/CS/
PVA nanofibers. Although crosslinked composite

Nanomed Res J 8(2): 193-209, Spring 2023
[ E—

nanofibers had slower release behavior than their
non-cross-linked counterparts which can be
ascribed to the formation of acetal bonds and a
decrease in the content of free hydroxylic groups of
the composite nanofibers.
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