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Plants have been used for medicinal purposes for thousands of years. Knowledge of traditional medicine has encouraged
the further exploration of medicinal plants as potential drugs. Therefore, in this study, IVE-loaded PLA/PEG nanofibrous
mats were successfully produced by the electrospinning method. When the SEM images were analysed, it was seen that
nanofibrous patches with a smooth surface were acquired in both the pure and IVE-loaded nanofibrous mats. A significant
reduction in the mean fibre diameters was seen with the implication of the plant extract. Based on the FT-IR and DSC studies,
it was proven that the IVE is fully incorporated into the PLA/PEG nanofibrous mats. In the tensile test results, it was observed
that the addition of the IVE to the PLA/PEG combination increased the tensile strength. Considering the antioxidant activity
results, it was observed that while the PLA/PEG did not show any antioxidant effect, the antioxidant activity increased with
the concentration of the IVE ratio in the nanofibrous mats. Based on the in vitro tests using HCT-116 colon cancer cells, the
IVE dramatically and dose-dependently reduced the cell proliferation in the tested cancer cell lines. When all the results
are evaluated, it is thought that IVE-loaded nanofibrous mats can be a new and effective treatment against the disease in

biomedical applications.

INTRODUCTION

Since ancient times, natural remedies have been
utilised to heal a variety of illnesses. Growing interest
has been shown in the utilisation of medicinal herbs as
potent candidates for new anticancer treatment medicines
due to their extensive use in traditional medicine. [1, 2].
Phenolic compounds as secondary metabolites with a
polyphenol hydroxy configuration are typically found
in plants [3]. Natural phenolic compounds, which are
widely employed in medicine and pharmaceuticals for
the prevention and treatment of major diseases, have
received increased attention in recent years [4]. The most
important classes of natural antioxidants are phenolic
compounds, which are significant sources of antioxidant
activity [5]. The biochemical components of the human
body are protected against oxidative stress by phenolic
substances obtained from plants. On the other side,
disease-related situations lead to oxidative stress, which
harms cells. Although synthetic substances can reduce

oxidative damage, they also come with drawbacks
over prescription drugs. Herbal extracts have a number
of advantages, they have fewer negative effects, are
less expensive, easier to produce and handle, more
accessible, and more effective [6]. Some plant extracts
contain antihyperlipidemic, antioxidant, antitumour, and
anti-inflammatory properties [7].

Inula viscosa (L.) (IV), a popular medicinal plant
in the Asteraceae family is aiton. It has a long history
of usage as a treatment for infertility, cancer, bronchitis,
diabetes, gastroduodenal issues, skin conditions,
rheumatoid arthritis, and lung ailments. Inula viscosa
(L.) extract (IVE) has been shown to have antioxidant,
antibacterial, anticancer, cytotoxic, antihypertensive,
hypoglycaemic, hypolipidemic, abortifacient, and anti-
implantation actions in earlier research [8—10]. However,
in the literature search, a few studies were conducted on
the IV nanofibre structure [11]. Numerous investigations
have indicated the existence of various physiologically
active substances in IV and their ability to cause
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apoptosis in cancer cells, including polyphenols [12] and
sesquiterpenes. Danino et al. [13] extracted polyphenolic
antioxidants from IV leaves, including seven derivatives
from the caffeoylquinic acid (CQA) and dicaffeoylquinic
acid (diCQA) families. These chemicals may have
synergistic effects in the treatment of cancer. This
premise, combined with the need for novel colon cancer
therapy options, motivates us to investigate the anti-
carcinogenic effects of IV leaf water extract on colon
cancer cell development in vitro and in vivo, as well as
to determine the mechanism of action [14].

In order to maintain the qualities of plant-derived
products, they can be encapsulated to increase their
bioavailability. Itis conceivable to encapsulate antioxidant
chemicals in polymeric or non-polymeric matrices
thanks to nanotechnologies and microtechnologies [15,
16]. Thus, research has developed into investigating the
potential properties and uses of plant extracts for the
preparation of potential nanomaterial-based drugs for
diseases. The manufacture of continuous non-woven
nano- or microfibres with an adjustable diameter utilising
a capillary through which a polymer solution is pumped
while being subjected to a high-voltage source and a
collector is one of the nanotechnology applications that
is generating increasing interest. In ecologically friendly
applications, polylactic acid (PLA), a kind of green semi-
crystalline polyester made from renewable resources,
offers greater advantages than petroleum-based polymers
that are not biodegradable due to its biodegradability
and biocompatibility. However, poor flexibility, high
brittleness, and poor mechanical qualities are drawbacks
of PLA nanofibres [17]. Therefore, it is critical to
enhance the PLA nanofibre’s mechanical attributes for
applications in the future. Polyethylene glycol (PEG)
shows great promise as a plasticising agent for PLA
as it provides a large enhancement in the elongation at
break [18,19] For biomedical, biotechnological, and
pharmaceutical applications, PEG is frequently used as a
reference polymer due to its great biocompatibility, non-
toxicity [20], and simplicity of eliminating it from the
human body [21]. Drug-loaded PLA-PEG nanofibrous
mats have been prepared and studied in recent years,
and their use as antibacterial wound dressings has
been documented [22]. Also, the antioxidant activity of
extract-loaded nanofibrous mats was identified in our
previous study [23].

In this study, nanofibrous mats with both antioxidant
and anticancer properties were obtained by adding IVE
to PLA/PEG at different rates by the electrospinning
method. The morphology of the nanofibrous mats,
scanning electron microscopy (SEM), thermal properties,
differential scanning calorimetry (DSC), different
functional groups, and bond structures were evaluated
by Fourier transform infrared (FT-IR) spectroscopy. In
addition, the mechanical properties, antioxidant activity,
and anticancer effects of HCT116, a colon cancer cell, of
nanofibrous mats were investigated.

EXPERIMENTAL

Materials

Polyethylene glycol 4000 (PEG 4000), Mw Y4
3500 — 4500 g'mol”, was obtained from Sigma Aldrich.
The polylactic acid (PLA) 2003D was purchased from
Nature Works LLC, Minnetonka, MN, USA. The
acetic acid (CH;COOH), Tween 80 (viscous liquid),
Chloroform, Citric acid, 1,1-Diphenyl-2-picrylhydrazyl
radical (DPPH); 6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid (Trolox); Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid), Folin-Ciocalteu
phenol reagent, gallic acid (GA), sodium carbonate,
2,4,6-tri(2-pyridyl)-s-triazine (TPTZ), PBS (phosphate-
buffered saline) pH 7.4 solution were obtained from
Sigma Aldrich. The HCT 116 Cell Line Human, DMEM
high glucose with 4.5 g-L"! d-glucose was bought from
Sigma-Aldrich (St. Louis, MO, USA).

Preparation of solvent extracts

In 2021, the root pieces of the IV plant were taken
from the Manisa Akhisar province in Kasm. The dried
material was processed into a fine powder in a blender.
A total of 2 g of pulverised sample was weighed. The
sample was extracted in three phases with 25 mL of
solvent for 60 minutes, 25 mL for 60 minutes, and 25 mL
for 60 minutes in an ultrasonic bath, orbital shaker, and
heated magnetic stirrer at 60 °C in a closed glass shot
bottle. These three extracts were mixed to form a 30 ml
solution. As the solvents, water, and ethanol (70 %) were
utilised. After extraction, the extracts were centrifuged for
20 minutes at 2500 rpm. The supernatant was separated
and kept at -20 °C until the analysis was performed.
The dried material was processed into a fine powder in
a blender. Two grams (2 g) of powdered IV roots were
then extracted in an ultrasonic extraction apparatus for
1 hour and three consecutive extractions at 60 °C with
70 % ethanol were performed. The extract was dried
in an evaporator at 50 °C under reduced pressure after
being filtered through Whatman blue band filter paper.
The final residue (crude extracts) was measured and
kept in bottles at +4 °C. In order to test for nanofibre
production, the unprocessed extracts were dissolved in
DMSO.

Preparation of electrospinning solutions

PLA was dissolved in chloroform for about 90 mi-
nutes with magnetic stirring (IKA, RCT, Germany) to
achieve an 8 wt. % concentration at room temperature.
After that, 3 wt. % Tween 80 was added to the PLA
solution and stirred for another 15 minutes. After
mixing, 1 % PEG was added to the solution, which was
then agitated for 10 minutes [24]. To make solutions with
the IVE plant extract, IVE solutions in ethanol (70:30,
v/v) at diverse concentrations (20 mg, 40 mg, and 60 mg)
were added to the PLA/PEG blend and swirled for 20 mi-
nutes independently.

412

Ceramics — Silikity 67 (4) 411-419 (2023)



Antioxidant and anti-tumour activities of inula viscosa L extract-loaded nanofibrous mats for biomedical applications

Fabrication of Electrospun Nanofibrous Mats

The electrospinning technique was used to create
the nanofibrous mats (Figure 1). A syringe pump (NE-
300, New Era Pump Systems, Inc. USA), a single brass
needle (diameter 1.63 mm), a high voltage power source
attached to the needle, and an electrospinning machine
(NS24, Inovenso Co. Turkey) comprise the experimental
set-up. The homogeneous spinning solutions were
poured into disposable syringes with a volume of 10 ml.
Using a syringe pump, the solutions were given at a
steady flow rate of 2 ml-h™! for electrospinning at 18 kV.
The operating distance was set to 120 mm from the
needle tip to the oily paper-coated circular collector. All
the investigations were carried out at room temperature
(25 °C) [25].
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Figure 1.
process.

Schematic representation of the electrospinning

Characterisation of the Nanofibrous Mats
Scanning electron microscopy

The morphology of the nanofibrous mats was
examined using a scanning electron microscope (SEM)
(EVOLS 10, ZEISS) after 120 seconds of gold-palladium
coating. The accelerating voltage used was 10 kV. The
diameters of the nanofibrous mats were measured using
image analysis software (Olympus AnalySIS, USA),
which randomly selected 100 nanofibrous mats from
each SEM picture. The data were imported into the SPSS
software for additional analysis.

Fourier transform infrared (FTIR) spectroscopy

The functional groups of the nanofibrous mats were
qualitatively characterised using a Fourier-transformed
infrared (FTIR) spectroscopy analysis (Jasco FT/ IR-
4700). Each spectrum was captured between 4000 and
400 cm™ and averaged across 32 scans at a resolution of
4cm’,

Differential scanning calorimetry (DSC)

The thermal properties of the nanofibrous mats,
such as the melting temperatures (7,,) and glass transition

temperatures (7,), were measured using a differential
scanning calorimeter (DSC) (Shimadzu, Japan). All the
nanofibrous mat groups had their temperature ranges
changed to range from 25 to 300 °C (scanning rate:
10 C'min™).

Mechanical Properties

Before starting the test, each sample was cut
to 5 cm long and 1 cm wide, and the thickness of the
various types of nanofibrous mats was measured with
a digital micrometer (Mitutoyo MTI Corp. USA). A
tensile testing equipment (Shimadzu Corporation, EZ-
LX, Kyoto, Japan) was used to evaluate the mechanical
properties. Three distinct samples were examined for
each group.

Total phenolic content

The Folin Ciocalteu (FCR) method was used to
determine the total polyphenol content of the IVE-
loaded nanofibres [16]. Nanofibrous mats (0.01 g) were
extracted for the first hour in an orbital shaker incubator
(BIOSAN ES-20) at a constant stirring speed (200 rpm,
37 °C) with 70 % ethanol (v/v). In a nutshell, 100 pl
of each sample was combined with 4 ml of water and
100 pl of the Folin-Ciocalteu reagent. Each sample was
then treated with 100 pl of sodium carbonate (6 %). After
30 minutes of processing, the absorbance was measured
between 685-760 nm using a spectrophotometer
(Shimadzu UV-1601, Japan). The calibration curve was
created using a gallic acid standard at concentrations
ranging from 62.5 to 1000 uM (y = 0.0018 x-0.0079,
R? =0.9998). The results were represented in gallic acid
equivalents per millilitre (GAE/ml). Every measurement
was taken three times.

Determination of the radical scavenging
ability by using DPPH method

Ayaz Seyhan [26] examined the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity of
the IVE-loaded nanofibrous mats. In brief, 1.5 mL of
each sample was mixed with 1.5 mL of the DPPH radical
solution (100 uM) and incubated for 30 minutes in an
orbital shaker-incubator (BIOSAN ES-20) at a constant
stirring speed (200 rpm, 37 °C). A spectrophotometer
(Shimadzu UV-1601, Japan) was used to detect the
absorbance at 515-528 nm. The calibration curve was
created using the Trolox standard at concentrations
ranging from 62.5 to 1000 uM (y = 0.00106 + 0.0620
R? = 0.9932). Trolox equivalents (TE/ml) were used to
express the results. Each measurement was taken three
times.

Cell Viability Analysis
Fibrous patches were cut into 6 mm diameter discs
for the cell viability analysis and sterilised on both sides
under UV light. Before cell seeding, the nanofibrous
mats were then cultured in a cell culture medium for
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4 hours. In a 37 °C incubator with 5 % CO, humidified
air, HCT-166 cells were grown in Dulbecco’s modified
Eagle medium (DMEM, Gibco) containing 10 %
foetal bovine serum (FBS, Gibco) and 1 % penicillin/
streptomycin. At the same time, monolayer (2D) cell
cultures were incubated as a control group. The cell
viability was analysed by [3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide] (MTT) analysis after
1, 3 and 7 days of incubation. The samples were first
washed with pH 7.4 PBS and then 0.5 mg-mL™" (0.5 mL)
of the MTT solution was added. After incubation at
37 °C with 5 % CO, for 3 hours, the supernatant was
removed and 1.5 mL of dimethylsulfoxide (DMSO) was
added to it, according to the manufacturer’s protocol.
After incubation for 15 minutes, the absorbance values
were measured with a microplate reader (Enspire, Perkin
Elmer) at a 550 nm wavelength.

Statistical analysis

The data received from the measurements were
statistically analysed using a single-factor analysis of
variance (ANOVA) analytic tool. The SPSS analytical
tool was used to measure the diameters of the nanofibres.
All the results are reported as the mean standard
deviation. The statistical significance level was set at
p <0.05.

RESULTS AND DISCUSSION
Morphology of the nanofibrous mats

SEM was used to examine the surface morphology
of the nanofibrous mats. Based on the SEM images of
the nanofibres, 100 random diameter measurements
were taken for each sample to construct the diameter
distribution graphs. Figure 2 shows the SEM images
as the well as diameter distribution histograms. The
surface morphologies of the non-extracted and extract-
loaded nanofibre patches were highly homogeneous and
smooth, with no apparent beads. The mean nanofibrous
mat diameter of the PLA/PEG nanofibrous mats was
determined as ¢ = 1681.14 + 530.918 nm (Figure 2).
A significant thinning of the mean fibre diameters was
experienced with the inclusion of the plant extract. The
average fibre diameters of the extract-loaded nanofibrous
mats were measured as ¢ = 671.62 £ 173.355 nm for
the PLA/PEG/20mg IVE, ¢ = 633.62 + 173.355 nm for
the PLA/PEG/40mg IVE, and ¢ = 541.75 £ 122.979 nm
for the PLA/PEG/60mg IVE. Consequently, the plant
extract-loaded nanofibrous mats demonstrated smaller
diameters which were compared to the PLA/PEG
nanofibrous mats. A similar observation was reported by
[25]. In addition, it was observed that the fibre diameter
gradually decreased as the amount of extract increased.
Sriyanti et al. loaded three different ratios of plant
extracts into the PVA solution and found the same result
[27]. Likewise, Yousefi et al. loaded a chitosan-based

solution with three different extracts and observed that
the fibre diameter decreased with an increasing extract
amount [28].
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Figure 2. SEM images and fibre diameter distribution of the (a)
pure PLA/PEG, (b) PLA/PEG/20 IVE, (c¢) PLA/PEG/40 IVE,
(d) PLA/PEG/60 IVE.

Chemical properties of the nanofibrous mats

An FTIR analysis was carried out to investigate
the chemical structures of the nanofibrous mats. For
IVE (Figure 3a), at 2925 cm™, belonging to the C-H
symmetric stretching vibrations of the polyphenolic
structures, the peak at 1440 cm™ can also be formed by
the contribution of aromatic C=C bonds [29]. The peak
in the range 0f 927 cm™ - 750 cm™ indicates the C—H out-
of-plane bending vibrations of the substitute aromatic
ring. Figure 3b shows the peaks of the PEG. C-H
stretching is observed at 2890 cm™ and, at the peak 1125
cm—1, C-O (ether) stretching can be seen [24]. In Figure
3c, absorption peaks for the PLA are shown. The peak at
1749 cm™ shows the C=0 vibration. The peak, which is
seen at 1453 cm™, corresponds to the CH; asymmetrical
scissoring [30]. C—CH; stretching is observed at the
peak at 1042 cm™. The absorption peaks of the produced
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nanofibrous mats are observed in Figure 3d, ¢, f, and g. It
was observed that all of the produced nanofibrous mats
in Figure 3d, e, f, g were given peaks at the same peak
point of 2884 c¢cm™ which indicates the characteristic
C-H alkyl stretching thus confirming the presence of
PLA/PEG. Also, all the produced nanofibrous mats show
a strong absorption band at 1080 cm™, which is due to
the C—O—C stretching. In Figures 3e, f, g, the absorption
peak commonly observed in the range of 1700 cm™ -
1750 em™, but is be visible in Figure 3d. This peak arises
from the incorporation of the plant extract. This band
is assigned to stretching vibrations of the C=0O bonds
in the carboxyl group. All the produced nanofibrous
mats with IVE shown in Figure 3e, f, and g showed
C=0 stretching vibrations at 1591 cm’”, 1598 cm’,
and 1595 cm”, respectively. Small shifts at this
absorption peak may result from the conjugation of the
carbonyl group bonded to an aromatic ring. Conjugated
C=C stretching vibrations of the aromatic ring were
detected at 1600 cm™ which is shown in Figure 3e, f, g.
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Figure 3. FTIR spectra of IVE (a), PEG (b), PLA (c), PLA/
PEG (d), PLA/PEG/20 IVE (e), PLA/PEG/40 IVE (f), PLA/
PEG/60 IVE (g).

Thermal properties of the nanofibrous mats

Thermal characterisation techniques play a crucial
role in determining the chemical and physical changes
within a material’s molecular structure, including
the glass transition temperature (7,) and melting
temperature (7,,) [31]. A DSC analysis was applied
to evaluate the thermal properties of the nanofibrous
mats, and the resultant thermograms obtained for PLA/
PEG, PLA/PEG/20 IVE, PLA/PEG/40 IVE, and PLA/
PEG/60 IVE are shown in Figure 4. The glass transition
temperatures for PLA/PEG, PLA/PEG/20 IVE, PLA/
PEG/40 IVE, PLA/PEG/60 IVE nanofibrous mats were
58.6 °C, 57.6 °C, 61.4 °C and 56.4 °C, respectively.
The DSC results indicate that while cold-crystallisation

is in a highly amorphous form in the pure PLA/PEG,
the decreased cold-crystallinity is associated with the
increase in the plant extract ratio [32]. With the addition
of PEG, the mobility and flexibility of the polymer
chain of the PLA positively improve. When evaluated
according to the curves in the TG graphs, it is seen that
the thermal stability of PLA decreases with the addition
of PEG [33, 34]. The melting temperature of PLA/PEG
nanofibrous mats has been observed to be 151.3 °C. This
melting temperature is attributed to the presence of the
PLA content [35]. With the addition of IVE to the PLA/
PEG nanofibrous mats, the melting temperatures for
PLA/PEG/20 IVE, PLA/PEG/40 IVE, PLA/PEG/60 IVE
were determined as 155.5 °C, 159.0 °C, and 153.7 °C,
respectively. It is hypothesised that these small shifts in
melting temperature may be caused by the addition of
IVE to the PLA/PEG nanofibrous mats. It was determined
that the thermal stability of the composites formed by
the addition of extract to PLA/PEG mixtures increased.
Taking all the DSC data into account, loading the IVE
to PLA/PEG nanofibrous mats affected the mobility of
the molecular chains and altered the way the material
behaved thermally. This output is found to be in good
accordance with the experimental findings from studies
on the nanofibrous mat morphology and mechanics.

mW/mg

—— PLafpEG
— PLA/PEG/20 IVE
—— PLA/PEG/40 IVE
—— PLA/PEG/60 IVE

100.00 200.00

Temperature (°C)
Figure 3. DSC thermogram of the pure PLA/PEG and IVE-

loaded nanofibrous mats in three different concentrations (20,
40, and 60 mg).

Mechanical Properties

The mechanical characteristics of nanofibrous
mats vary depending on a variety of conditions, and
these qualities are critical in identifying nanofibre
applications. Material selection has a significant impact
on the mechanical properties of the generated nanofibres
[36]. Figure 5 shows the tensile properties of all the
nanofibre patches at room temperature, with values of
tensile strength and elongation at break (%). The PLA/
PEG nanofibrous mats presented a tensile strength of
1.20 + 0.23 MPa and a strain at a break of 103.64 + 7.1.
When the extracts were loaded onto these PLA/PEG
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Figure 5. Physical parameters of the nanofibrous mats: (A) tensile strength and (B) strain at break.

nanofibrous mats, their tensile strength gradually
increased, reaching 2.81 + 0.35 MPa. The strain at break
also decreased, conversely, to 51.61 £ 21.1 %. As can
be seen, the mechanical characteristics of the nanofibres
improved with the addition of the extract. The tensile
strength value increased, while the strain at break value
decreased lightly after the addition of the 20 mg (PLA/
PEG/20 IVE) extract to the polymer matrix. The tensile
strength and strain at the break values improved as the
extracted content was increased to 60 mg (PLA/PEG/60
IVE) [37]. In addition, Al-Kaabi et al. observed that
the mechanical properties increased as the extract was
added to the polymer matrix [38]. These findings are
consistent with the literature. As seen in Figure 2, this
observation can be explained by the changes in fibre
diameter and dispersion. When the extract concentration
was increased, the diameter and dispersion of the fibres
decreased. As a result, the fibre with a smaller diameter
demonstrated superior mechanical qualities.

Phenolic content and antioxidant properties

The total phenolic content of the IVE-loaded
nanofibrous mats was evaluated using the Folin-
Ciocalteu reagent, and the nanofibres’ free radical
scavenging activity was determined using the DPPH
radical. Figure 6 shows that PLA/PEG nanofibrous
mats have a very low DPPH, while the PLA/PEG/
IVE nanofibrous mats exhibit significant antioxidant
activity and lowering capability. This suggests that high
voltage exposure during the electrospinning process
has no effect on the antioxidant activity. The pure PLA/
PEG nanofibrous mats, as expected, had no antioxidant
impact; rather, they acted as a reservoir and protection
mechanism for the antioxidants discovered in the studied
IVE [39].
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Figure 6. Total phenolic contents and antioxidant activity of
the nanofibrous mats: A) Folin-Ciocalteu B) DPPH .
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In vitro Cytotoxicity

The effects of the IVE-loaded and unloaded
nanofibrous mats on the cell viability were examined by
MTT analysis for 1, 3, and 7 days. HCT-116 colon cancer
cell lines were used in the MTT analysis of the produced
nanofibrous mats and the results are demonstrated in
Figure 7. Compared to the 2D control, the effects of
pure PLA/PEG nanofibrous mats without IVE on the cell
viability were in the range of 80 % - 90 % in the 1st, 3rd,
and 7th day MTT analyses. Although the pure group has
a slight lethality on cancer HCT-116 colon cancer cells,
it is not a significant rate. However, the lethality of PLA/
PEG/20 IVE nanofibrous mats on HCT-116 colon cancer
cells was calculated as 26.4 %, 25.1 %, and 22 % on days
1, 3, and 7, respectively. Similar results were obtained
with 10.3 %, 10.1 %, and 10.3 % for PLA/PEG/40IVE
nanofibrous mats and 7.2 %, 8.7 %, and 9.9 % for PLA/
PEG/60IVE nanofibrous mats, respectively. When
the results are examined, the addition of IVE to the
nanofibres has a positive effect on killing cancer cells.
After 1, 3 and 7 days of incubation, it can be said that
the viability of the cells decreased more. The decrease in
the cell viability as the incubation time increased may be
related to the increase in the amount of IVE released into
the medium day by day. In addition, it can be observed
from the results that the increasing amount of IVE in
the nanofibrous mats decreases the viability of HCT-
116 cancer cells. In conclusion, increasing the amount
of IVE in the medium increased the toxicity for HCT-
116 colon cancer cells. Merghoub et al. investigated the
antiproliferative effect of IVE on different cancer cell
lines by performing an MTT analysis. According to the
results, IVE significantly inhibited cell growth in the
tested cancer cell lines in a dose-dependent manner [40].
In another study, Virdis et al. investigated the adverse
effects of IVE extract on Raji cancer cells. Increasing
IVE ratios from 10 ug'ml” to 80 pg-ml” increased the
cell apoptosis, showing a proportional decrease in the

cordingto 20

% Viability ac

PUVPES  PLA/PEG/ 20IVE PLA/PEG/ 40IVE PLA/PEG/ SONVE

Figure 7. . Cell viability results of the nanofibres for 1-day,
3-day, and 7-day incubation. 2D was accepted as a control. One-
way Analysis of Variance (ANOVA) Tukey-Kramer Multiple
Comparisons Test comparison to 2D, **p < 0,01, ***p <0,001.

cell viability [41]. When the results are compared with
the literature, the increased lethal effect of IVE amount
and incubation time on HCT-116 colon cancer cells is
supported by the literature.

CONCLUSIONS

In this study, PLA/PEG nanofibrous mats
loaded with IVE were successfully produced by the
electrospinning method. Among synthetic polymers,
PLA/PEG, as a copolymer, has been particularly chosen
as a drug delivery system, often for various types of
cancer. An IVE plant extract, whose antioxidant and
anticancer effect has been proven in the literature, was
added to the nanofibrous mats at different concentrations.
When the SEM images were analysed, it was seen that
fibrous patches with smooth and bead-free surfaces were
obtained in both the pure and IVE-loaded nanofibrous
mats. A significant reduction in the mean fibre diameters
was seen with the inclusion of the plant extract. Based
on the FT-IR and DSC studies, it has been proven that
IVE is fully incorporated into the PLA/PEG nanofibrous
mats. The tensile test results showed that the addition
of the extract improved the mechanical properties of
the nanofibres. It was observed that the addition of
IVE to the PLA/PEG combination increased its tensile
strength. Considering the antioxidant activity results,
it was observed that while PLA/PEG did not show any
antioxidant effect, the antioxidant activity increased with
the concentration of the IVE ratio in the nanofibrous mats.
Based on the in vitro studies with HCT-116 colon cancer
cells, the IVE significantly inhibited cell growth in the
tested cancer cell lines in a dose-dependent manner. This
shows that materials containing IVE showed promising
antitumour activity. When all the results are evaluated,
it is thought that IVE-loaded nanofibrous mats can be
a new and effective treatment against the disease with
a local application in biomedical applications. As it
turns out, the discovery of natural product chemistry is
important to identify potential new drug candidates that
will help maintain health and fight disease and illness.
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