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ABSTRACT

In this study, we fabricated poly(D, L-lactide-co-glycolide)/gelatin (PLGA/gelatin) membranes con-
taining different amounts of Hypericum capitatum var. capitatum (HCC) extract (1, 5, 7.5, 10 wt%)
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by electrospinning technique. We investigated chemical, morphological, physical, and mechanical

properties as well as in vitro degradation behavior of the electrospun membranes. We also eval-
uated the antibacterial activity of the electrospun membranes against Escherichia coli and
Staphylococcus aureus. Viability, adhesion, and attachment of human fibroblast ceIIs on the electro-
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spun membranes on pre-set days were evaluated by the colorimetric CellTiter 96 AQueous One
Solution Cell Proliferation Assay (MTS assay), scanning electron microscopy (SEM), and 4',6-

Diamidino-2-Phenylindole (DAPI) staining.

GRAPHICAL ABSTRACT

. Introduction

Since conventional approaches such as autograft- and allo-
graft-based materials do not meet the clinical demands for
skin regeneration, in recent years, the modern wound dress-
ings such as films, gels, nano/microfibers, and membranes
have been widely investigated as dermal substitutes. Among
the available dressings, fibrous membranes have attracted
significant attention as they possess suitable mechanical
propertises comparable with skin, higher gas permission
ability, high porosity, and the large surface-area-to-
volume ratio!

Electrospinning is one of the versatile techniques to pro-
duce porous fibers structure with an average diameter from
nano- to micrometer scale, which can mimic the native
extracellular matrix (ECM)® 3| Fiber diameter, morph-
ology, and porosity of the electrospun membranes, which
can be adjusted by variable parameters such as solution

.
]
ad

viscosity, solvent type, applied voltage, the flow rate of the
electrospinning process, are closely related in terms of
improving cell attachment and proliferation and become
essential parameters to obtain adequate wound dress-
ing material*~®/,

Synthetic and natural polymers can be utilized for pre-
paring electrospun membranes as potential wound healing
materials'”). However, due to hydrophobicity and lack of
surface ligand problems of synthetic polymers and the weak-
ness of the processibility and mechanical properties of the
natural polymers, the electrospun membranes prepared from
their blends have been drawn considerable attention in the
wound healing applications, recently'®!. Poly(D, L-lactide-co-
glycolide) (PLGA), an FDA approved synthetic copolymer,
has been widely used for absorbable sutures, absorbable sur-
gical clips, and controlled release implants due to its bio-
compatible and biodegradable properties’” '°!. Gelatin is a
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biopolymer derived from the hydrolysis of natural collagen
existing in skin, tendon, cartilage, and bone tissues in the
body. Since it has biological origin, and is non-immuno-
genic, biodegradability, biocompatibility, and commercially
available at relatively low cost, gelatin has been used for
various biomedical applications!" !

Besides, the preparation of wound dressing materials con-
taining herbal medicines becomes attractive to accelerate the
wound healing process due to their antibacterial and anti-
oxidant properties. These dressings also increase the epithe-
lization through induction fibroblast cells"*~**). Hypericum
(Hypericaceace) is a well-known genus, which has been used
for wound healing properties in Turkish folk medicine for a
long time!'”). One of the species belonging to Hypericum
genius, Hypericum capitatum var. capitatum (HCC), has sig-
nificant properties such as antibacterial and antioxidant
properties, which are crucial for the wound healing
mechanism!*®!,

Similarly to our study, electrospun nanofibrous scaffolds
made of synthetic/natural polymeric blends containing dif-
ferent growth factors, drugs, and also herbal extracts have
been studied for wound dressing applications. Meng
et al.l"®! fabricated Fenbufen loaded electrospun PLGA and
PLGA/gelatin nanofibers as a potential drug delivery system
and showed that adding gelatin to membrane increase of
hydrophilic drug release. In another study, Hu et al.** pre-
pared Cefradine and 5-fluorouracil loaded PLGA/gelatin
nanofibrous mats by emulsion electrospinning method to
evaluate the potential as a scaffold for tissue engineering or
drug delivery applications. Norouzi et al.!*'! investigated
PLGA/gelatin hybrid nanofibrous scaffolds encapsulating
EGF for skin regeneration and demonstrated that the add-
ition of gelatin to the PLGA membrane contributes to
increased cell proliferation and attachment since gelatin has
an RGD (Arg-Gly-Asp) sequence that enables the recogni-
tion of the integrin protein on the cell surface. In another
study, Jia et al”*®! and Chuang et al.'**! reported that the
poly(vinyl alcohol)/chitosan electrospun blend membrane
enhances the adhesion and proliferation of fibroblasts. Also,
Meng et al.** also reported that adding gelatin to PLGA
electrospun membrane improves cell adhesion and prolifer-
ation. Liu et al.'® produced an electrospun membrane con-
sisting of 50/50 percent PLGA/collagen, and they showed
that the presence of collagen in the membrane promotes
fibroblast cell proliferation. Zhang et al.'™ ?*! used coaxial
electrospinning technique and post coating to prepare colla-
gen- and gelatin-coated PCL nanofibers. Compared to post
coating with gelatin, nanofibers coated with collagen exhib-
ited more similarity to ECM structure, which improves the
ability of the cell attachment onto the membranes.
Furthermore, in some studies, the oil and extract of the
genus Hypericum, such as Hypericum perforatum, loaded
electrospun membranes have been investigated for wound
dressing applications. Egri et al.**! encapsulated H. perfora-
tum oil in PEG capsules, which were held by the electrospun
PEG membrane and evaluated as a potential wound dressing
material. In another study, Maria Letizia Iabichella!®”!
studied the in vitro bacterial effect of electrospun PLLA

scaffold with a mixture of H. perforatum and Azadirachta
indica oil extracts for diabetic foot infections. Pourhojat
et al?® ?°! investigated the antibacterial H. perforatum
extract loaded electrospun PCL nanofibers as a wound
dressing and electrospun PLGA polymer nanofibers contain-
ing alcoholic extract of H. perforatum method to show the
practical efficiency of the mats as an alternative for
skin grafts.

To the best of our knowledge, for the first time in the lit-
erature, we fabricated electrospun PLGA/gelatin membranes
containing H. capitatum var. capitatum (HCC) extract and
investigated morphological, mechanical and physical proper-
ties such as hydrophilicity and degradation behavior of the
membranes. We also evaluated the in vitro release profile of
HCC, antibacterial activity, cytotoxicity, and in vitro cell
attachment ability of electrospun membranes.

2. Materials methods
2.1. Materials

We purchased poly (D, L-lactide-co-glycolide) (PLGA, DL-
Lactide: Glycolide copolymer, ratio M/M%: 75/25, My =
120,000) from Purasorb, Purac Biomaterials, gelatin (gel
strength ~225g Bloom, Type B) and 4',6-Diamidino-2-phe-
nylindole dihydrochloride (DAPI) from Sigma-Aldrich
(USA), methanol, 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP),
and agar from Merck, DMEM High Glucose from Biological
Industries. Fetal Bovine Serum, Penicillin Streptomycin, and
LB Broth were obtained from Gibco, USA. We collected the
H. capitatum var. capitatum from Konya, Turkey. The
Microbiology Department of the Erciyes University, Kayseri,
Turkey kindly donated human fibroblast cells, Escherichia
coli and Staphylococcus aureus strains to our laboratory. All
other chemicals and solvents are used without further
purification.

2.2. Methods

2.2.1. Extraction of HCC

Firstly, we extracted 100g HCC in a Soxhlet with methanol
at 60 °C for 24h and removed the excess methanol from the
extract by using a rotary evaporator (Buchi, Rotavapor
R300). The final extract was dried under vacuum over-
night®®!, The GC-MS analysis was performed for analysis of
the chemical composition of HCC extract (Agilent 7890 B
GC system equipped with a 5977 A series MSD). The capil-
lary column was HP-5ms (30m x 250pum X 0.25um,
Agillient 19091S-433). We kept the carrier gas helium at a
constant flow rate of 3mL/min. The temperature gradient,
started at 50 °C, was held for 2 min and rose to 240°C at a
rate of 15°C/min. Afterward, we injected one pl of HCC
extract dissolved in methanol at 50 °C in the split-less mode.
Compounds inside of HCC were detected using commer-
cially available NIST libraries.
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2.2.2. Fabrication of electrospun membranes

We fabricated PLGA/gelatin and PLGA/gelatin containing
HCC membranes by electrospinning. Briefly, we first dis-
solved PLGA and gelatin pellets in HFIP (15% (w/v) with
the ratio of 9:1 (v/v)) and added different amounts of HCC
extract (1, 5, 7.5, and 10wt%) into the blend solution. The
mixture was stirred for 2h to homogenize the HCC extract
in the polymer solution. Polymer solutions were then elec-
trospun from 10mL syringe with 21 G needle (an inner
diameter of 14.53 mm), flow rate of 1 m/h, and tip to col-
lector distance of 15cm. A high voltage (10kV) was applied
and a flat aluminum folio was used to collect random nano-
fibers.* 2]

2.2.3. Characterization of electrospun membranes

2.2.3.1. Transform infrared spectrometer (FT-IR). We char-
acterized the chemical structure of the electrospun mem-
branes by using Thermo Scientific Nicolet 6700 Fourier
Transform Infrared Spectrometer (FT-IR) in the range
of 400-4,000cm ™.

2.2.3.2. Morphology. Scanning Electron Microscopy (SEM)
(Carl Zeiss EVO LS10, Germany) was used to investigate the
fiber morphology of the electrospun membranes.

2.2.3.3. Swelling test. For the swelling test, we immersed the
neat and electrospun PLGA/gelatin membranes containing
HCC in distilled water for 5, 10, 15, 20, 25, and 30 min.
Then, we weighed the samples after removing the surface
water with a filter paper. The water content was calculated
according to the following equations''®'.

(W — Wo)

Wo

We(%) = x 100 (1)

where Wo and W are the weight of the samples before and
after immersion in water for different times, respectively.

2.2.3.4. Mechanical analysis. The tensile strengths and
elongation at the break of electrospun membranes were
determined using Shimadzu Autograph AGS-X 10kN device.
We cut the samples into the strips with 20mm in length,
20mm in width possessing a thickness of 0.1 mm, and con-
ducted tensile tests at the strain rates of 1x 107> s ' at
room temperature.

2.2.3.5. In vitro drug release study. To investigate the
in vitro drug release profile of membranes, we followed the
Hypericin absorbance. Firstly, we calculated the hypericin
contents of HCC and dissolved 50, 10, 1, 0.5, 0.1, 0.01 mg
HCC extract in water. The calibration curve was drawn
reading absorbance at 587 nm"*')., Hypericin percentage was
calculated using the following equations,

oo — A 100

PR =780 T
where A is the measured absorbance, m the grams of
extract, and 780 the specific absorbance of hypericin
at 587 nm"*.

2)

After determining the percentage of hypericin 10mg
membrane placed into 10 mL PBS solution, a specific time
interval 1 mL sample was withdrawn from PBS solution, and
a ImL fresh PBS solution was added to this medium.
Withdrawn sample absorbance measured at 587 nm. The
cumulative hypericin release calculated using the following
equations.

Cumulative percentage release (%)

_ Volume of sample withdrawn (mL) x P(¢-1) + Pt

©)

where Pt = Percentage release at time # P(t-1) =
Percentage release previous to “t”1**),

Bath volume (v)

2.2.3.6. Degradation study. To perform degradation study,
we soaked the membranes with and without HCC in 20 mL
PBS solution and kept at 70rpm at 37°C in a shaker incu-
bator. One week later, we took the membranes from PBS
solution, rinsed with distilled water, and dried under vac-
uum. After completely dried, membranes’ weight and weight
loss calculated using the following formula.

My — M;

weight — loss(%) = x 100 (4)

0
where M, and M; are sample weights before and after incu-
bation in PBS, respectively'*!.

2.2.3.7. In vitro study of antibacterial activity. We evaluated
the antibacterial activity of HCC containing membranes by
using Kirby-Bauer disk diffusion susceptibility test against
E. coli as a model gram-negative bacteria and S. aureus as a
model gram-positive bacteria. Briefly, LB Broth culture was
diluted to reach the Mc Farland turbidity standard. After
dilution, we streaked the bacteria by using a sterile swab on
the LB agar plate. Electrospun PLGA/gelatin membranes
with and without HCC, and ampicillin disk were placed on
the agar plate and incubated at 37°C overnight, and zone
diameter was measured®* for showing the antibacterial
activity of the membranes.

2.2.3.8. Cell viability assay. The viability of human fibro-
blast cells on the electrospun membranes was investigated
by using MTS assay (Cell Titer 96® AQueous One solution;
Promega, USA). Briefly, fibroblast cells were cultured in
DMEM High Glucose medium supplemented with 10% FBS
and 1% penicillin/streptomycin in cell culture plates in an
incubator at 37°C with 5% CO,, and the media were
replaced every 2 days. The electrospun membranes were
sterilized with ethanol and kept under UV radiation for 2 h.
Before cell seeding, electrospun membranes were kept in
DMEM High Glucose media overnight. Following day, the
electrospun membranes were placed into 96 well plates, and
10* cells were seeded on the membranes. After 24 and 48 h,
20uL MTS reagent was added. After 2h of incubation,
membranes were removed from the plate, and absorbance
was measured at 490nm using Microplate Reader
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Figure 1. GC MS spectrum of HCC extract.

(Varioskan, Thermo Scientific), and cell viability (%) was
calculated®.

2.2.3.9. Cell attachment assay and DAPI staining. For cell
attachment, electrospun membranes with and without HCC
were placed into 96 well plates, and 10* cells/well were
seeded on to the electrospun membrane. After 24 and 48h,
the membrane was removed from the plate and rinsed with
PBS for removing the non-attached cells. Then the mem-
branes were put in a glutaraldehyde solution (2.5%, v/v) to
fix the cells for 2h. After fixation, membranes were placed
in gradient alcohol solution (30, 50, 70, 90%, v/v) and kept
under vacuum to dry, and SEM images were taken.

For DAPI Staining, after fixation of the cells on to mem-
branes with glutaraldehyde solution (2.5%, v/v), membranes
were washed three times with PBS solution. 20 uL. DAPI
solution (300 Nm) was added to cover the surface of the
membrane. After a 5-min incubation with protecting the
light, PBS was used to remove excessive DAPI stain, and we
took the cell images under the microscope.

3. Results and discussion

3.1. Gas chromatography-mass spectrometry (GC-
MS) results

We analyzed the aerial part of HCC extract by using GC-
MS. Figure 1 shows the retention time and the abundance
of the active compounds in HCC extract. The name of the
compound, retention time, molecular formula, molecular
weight, peak area, and biological activity of phytochemicals
are given in Table 1. Most abundant compounds inside of
HCC extract were benzoic acid (RT: 7,786), Semicarbazone

mma
8.00

850 900 950 1000 1050 1100 1150 1200 1250 1300

butyraldehyde (RT: 11,733), '"H-Benzotriazole (RT: 10,625)
respectively. Phytochemicals that give to HCC antibacterial,
antifungal, antioxidant, and anti-inflammatory activity are
listed in Table 1. Bagci and Yuce **! showed that main con-
stituents of HCC essential oils are o-pinene, caryophyllene
oxide, hexadecanoic acid, PB-caryophyllene and undecane
and these constituents have antibacterial properties'*>~*"].
Boga et al.!"® evaluated phytochemical analysis and bio-
logical activity of HCC, and according to results, methanol
extract of HCC showed antibacterial activity against E. coli
and the DNA damage protective activity, which is respon-
sible for antioxidant activity. The active compounds which
are shown in Figure 1 have similar pharmacological activ-
ities of HCC in the literature!'® 3% *¥ In addition, the rea-
son for the presence of different active substances in the
HCC extract from the literature is that the plants are col-
lected from different regions.

3.2. FT-IR spectra

Figure 2 shows the FT-IR spectra of the electrospun PLGA/
gelatin membranes with and without HCC extract. All mem-
branes showed characteristic peaks belong to PLGA and gel-
atin. The characteristic peaks of PLGA are C-O stretching
at about 1,129cm™" and 1,752cm™!, C-O-C stretching at
1,182cm™ ', and C-H stretching at about 1,453cm™’,
respectively. Also, peaks of the amide I and amide II struc-
ture of gelatin were assigned to 1,646cm™ ' and 1,540 cm ™.
Furthermore, compared to neat membrane, HCC extract
containing membranes have more broad absorption at
3,300cm™ ', and this absorption increased depending on
increasing amount of HCC extract in the membranes.

Similar to our result, Dhayabaran et al.!"*' and Magbool
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et al.*® showed that adding HCC extract to the membrane

exhibited a specific peak at around 3,400cm ' which was
corresponded phenolic and flavonoid compound in HCC
extract'®”), This specific peak occurs due to an increase in
intermolecular hydrogen bonding which is attributed to
N-H and OH-O stretching from the coming compound of
HCC extract?* 28 2% 301,

3.3. Fiber morphology of electrospun membranes

It was shown in the literature that the electrospun mem-
branes prepared from the PLGA/gelatin solution with a ratio
of 9:1 (w/w) exhibited uniform fiber structure without any
bead formation'®*. Thus, we started with this ratio and
adjusted the electrospinning parameter as a 10kV of the
applied voltage, 1 mL/h of flow rate, and 15cm of distance
between tip and collector. Image ] software was used to cal-
culate the mean diameter by randomly selecting 25 the fiber
samples from SEM images. Figure 3 shows the average
fiber diameter of the electrospun membranes. The average
fiber diameter of neat electrospun PLGA/gelatin membrane
was calculated as 1.83+1.02 um, whereas the mean fiber
diameter of electrospun PLGA/gelatin/1, 5, 7.5, and 10 wt%
HCC membranes were calculated as 1.05+0.56 pum,
0.7+0.29um, 0.51+0.11pm, 0.49+0.2pm, respectively.
Generally, adding gelatin to the PLGA solution decreased
the viscosity of the solution, which leads to smaller fiber
diameter and broad fiber distribution. Increasing of HCC
amount within the membranes caused the fiber diameter to
decrease as a result of the decrease in the viscosity of the
polymer solution.

Figure 4 shows the SEM micrographs of electrospun
PLGA/gelatin membranes with and without HCC extract.
Nezarati et al.®’) showed that decreasing polymer solution
viscosity reduced fiber diameter as a result of decreasing of
viscoelastic forces, which resist to fiber deformation given
electrical field. In contrast, higher viscosity provides higher
viscoelastic forces, which results in larger fiber diameter.
Also, the low viscosity leads to an enhance asymmetric
instability (Rayleigh instability), which causes to decrease
the mean fiber diameter of the membranes®>>,
Additionally, In Figure 3, the membrane containing the
HCC has round shape structures, which are assumed to
come from the HCC extract.

3.4. Contact angle

One of the important parameters of wound dressing materi-
als for cell interaction is the surface hydrophilicity of the
material. To determine surface hydrophilicity, we performed
the contact angle test for the PLGA/gelatin electrospun
membranes with and without HCC extract. Figure 5 shows
the contact angle values of the membranes. We measured
113.72° for the neat membrane, whereas 85.19°, 62.5°,
37.14°, 36.02° for electrospun PLGA/gelatin/1 wt%, 5wt%,
7.5wt%, 10wt% HCC, respectively. Membrane without the
HCC surface has already a hydrophilic character.
Comparison of HCC containing membranes to the neat
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membrane, adding HCC decreased contact angle values
depending on the increasing amount of HCC. The contact
angle value is related to membrane surface hydrophilicity,
and as the surface hydrophilic character increases, the con-
tact angle value decreases. According to the FTIR result, the
addition of the HCC extract to the membranes increased the
N-H and O-H stretching, and these bonds contributed to

the material hydrophilic properties, which leads a decrease
in the contact angle values. Fu et al.®®’ demonstrated that
increased surface hydrophilicity, enhanced cell interaction
with the membrane due to improved cell behavior such as
initial binding, proliferation, and cell differentiation.
Therefore, the addition of HCC to the membrane made to
membrane more hydrophilic and biocompatible.

3.5. Swelling test

Since the swelling capacity of wound dressing materials is
an essential feature for the absorption of wound exudate
from the wound site, we investigated the swelling capacity
of electrospun PLGA/gelatin membranes with and without
HCC extract (Figure 6). All membranes were swollen very
rapidly in 5min and reached equilibrium after 5min. The
swelling ratio of the neat PLGA/gelatin membrane was
reached 190% while the swelling ratios of PLGA/gelatin/
1wt%, 5wt%, 7.5wt%, 10wt% HCC membranes were
reached 338, 332, 327, 322%, respectively. According to the
FT-IR spectra and contact angle results, the addition of
HCC into PLGA/gelatin membranes caused significant
increasing the hydrophilicity of the membranes due to the
increase of the hydrogen bonding, which is the reason of
the water absorption capacity. Also, Pourhojat et al.l?% 2%
showed that adding to H. perforatum extract to the mem-
brane contributed to increasing the hydrophilic properties
and absorption capacity of the membranes.

3.6. Mechanical properties

Figure 7 shows the tensile stress-strain curves of PLGA/gel-
atin membranes with and without HCC extract. Table 2 tab-
ulates ultimate tensile strength, Young’s modulus, and
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Figure 4. SEM images of (a) PLGA/gelatin, (b) PLGA/gelatin/1wt% HCC, (c) PLGA/gelatin/5wt% HCC, (d) PLGA/gelatin/7.5wt% HCC, and (e) PLGA/gelatin/

10 wt% HCC.
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Figure 5. Contact angle results for electrospun PLGA/gelatin membranes with
and without HCC.

fracture strain. The ultimate tensile strength of PLGA/gelatin
was 3.86 MPa, with a decrease in the maximum tensile
strength value while the HCC extract percentage increased
from 1 to 10. On the other hand, the ductility of neat
PLGA/gelatin was around 237%, and it was the highest duc-
tility value among all membranes. Similar to the ultimate
tensile strength, the ductility percentage reduced when the
amount of HCC extract increased. Young’s modulus of
PLGA/gelatin was 58.63 MPa, and it was the highest value
when compared to membranes containing HCC. The

400
9\: 300 -~ PLGA/gelatin
":: -~ PLGA/gelatin/l wt% HCC
e 2007 e o —e——o = PLGA/gelatin/5 wt% HCC
E -+ PLGA/gelatin/7.5 wt% HCC
100
©n -% PLGA/gelatin/10 wt% HCC
0 Ll 1 Ll 1  § 1
0 5 10 15 20 25 30

Time (minute)

Figure 6. The swelling ratio (%) of PLGA/gelatin membranes with and without
HCC extract.

5
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2 —— PLGA/gelatin/1 wt% HCC
= —— PLGA/gelatin/5 wt% HCC
PLGA/gelatin/7.5 wt% HCC
0 —— PLGA/gelatin/10 wt% HCC
T T T T
0 50 100 150 200 250

Engineering Strain [%]

Figure 7. Stress—strain curves of electrospun PLGA/gelatin membranes with
and without HCC extract.

addition of HCC extract to the membrane, which reduces
the viscosity of the solution, causes to decrease average of
the fiber diameter and can result in reduced the mechanical
properties of the membrane. Meng et al.** and Liu et al.l*”
showed that when gelatin concentration increased in the
PLGA membrane result in reducing mechanical properties.
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Table 2. Mechanical properties of electrospun PLGA/gelatin membranes with and without HCC extract.

Sample name

Ultimate tensile strength (MPa)

Elongation (%) Young’s modulus (MPa)

PLGA/gelatin 3.8597
PLGA/gelatin/1 wt% HCC 3.2743
PLGA/gelatin/5 wt% HCC 2.2358
PLGA/gelatin/7.5 wt% HCC 2.0782
PLGA/gelatin/10 wt% HCC 1.8756

Native skin

237.036 58.63095

155.035 42.89453
82.535 13.78142
59.499 42.22584
41.001 29.85896
35-115 4.6-20

Cumulative release %

0-1 T T T 1
0 20 40 60 80

Time (hours)

Figure 8. Release behavior of electrospun PLGA/gelatin membranes with and
without HCC extract.
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Figure 9. Weight loss of membranes with and without HCC extract.

Nevertheless, compared with membranes used for wound
healing material in the literature, the membrane with HCC
mechanical property value was sufficient to be used as
wound healing material and mechanical property values of
membrane with and without HCC were similar to mechan-
ical properties of skin tissue'® >,

3.7. Release study

The release behavior of electrospun PLGA/gelatin mem-
branes containing HCC was determined by following hyperi-
cin content using a UV spectrophotometer at 590 nm.

Figure 8 shows that the first 24 h, 80% of hypericin released
from the membrane and after 80h, the release value reached
100%. This rapid release from the membrane can be
explained by the absorption of HCC content on the mem-
brane surface and causes a burst effect due to its rapid dis-
solution in PBS. Similar to our result Pourhojat et al.l*’’
showed the burst release of H. perforatum from the PLGA
membrane is due to the weak physical and hydrophobic
interaction of the extract with the membrane, which is simi-
lar to our results. The Hypericeaece family has an inducing
effect on fibroblast cells, and such release behavior may
increase fibroblast proliferation, which leads to an improve-
ment in the healing process'®”). Pourhojat et al.**! also sug-
gested that wound healing would enhance because rapid
HCC release provided rapid antimicrobial environmental
conditions in the opened wound area. All results have
shown that this rapid release may be beneficial for the
wound healing process.

3.8. Degradation study

In one week of degradation study, the weight loss of the
electrospun membranes with and without HCC reached
13.7%, 30.4%, respectively (Figure 9). Similar to our results,
Liu et al."® showed that the weight of the PLGA membrane
decreased by 30% in 4 weeks and by about 10% in 1 week. It
can be seen from Figure 9 that the degradation ratio of the
membrane containing HCC extract was higher than the neat
membrane. HCC release from the membrane resulted in the
loss of membrane weight as well as PLGA and gelatin deg-
radation, leading to an increase in the degradation rate of
the membranes.

3.9. Antibacterial activity

The antibacterial activity of membranes containing HCC
extract was investigated against E. coli and S. aureus by
Kirby Bauer Disk Diffusion Method and compared with
neat membrane and ampicillin disk. Figure 10 shows the
images of the antibacterial study of the membranes. The
PLGA/gelatin/1wt% HCC had no antibacterial effect.
Membrane showed an antibacterial effect when HCC per-
centage increased to 5%, and there was zone inhibition of
the PLGA/gelatin/7.5 and 10wt% HCC membranes, and
zone inhibition enhanced due to the increase of HCC
percentage. We indicate the zone inhibition diameters in
Table 3. Sokmen et al.”*! evaluated the antibacterial activity
of extracts of aerial part of HCC in chloroform, water, and
acetone extract. Their result demonstrated that chloroform
and acetone extract showed zone inhibition against Bacillus
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Figure 10. Antibacterial effect of (a) PLGA/gelatin and PLGA/gelatin/1, 5, 7.5, and 10wt% HCC against E. coli, (b) PLGA/gelatin and PLGA/gelatin/1, 5, 7.5, and

10 wt% HCC against S. aureus.

Table 3. Zone inhibition diameter of PLGA/gelatin membranes with and with-
out HCC.

Escherichia coli

PLGA/gelatin - -
PLGA/gelatin/1 wt% HCC - -

Staphylococcus aureus

PLGA/gelatin/5 wt% HCC 10 mm 10mm
PLGA/gelatin/7.5 wt% HCC 10mm 11 mm
PLGA/gelatin/10 wt% HCC 12mm 12mm
Ampicillin (10 mcg) disk 25mm 25mm

cereus, S. aureus, and Clostridium perfringens. However,
water extract only showed antibacterial activity against S.
aureus. In addition to the literature information on the anti-
bacterial properties of HCC, according to our GC MS result,
the compounds in the HCC extract, such as 2,3-Dihydro-
3,5-dihydroxy-6-methyl-4h-pyran-4-one, benzoic acid, cat-
echol, 1H-Benzotriazole, 4-Methyl-1H-benzotriazole,
Butyraldehyde semicarbazone, enhance the antibacterial
properties to extract’®®=*°!. This result shows that the add-
ition of HCC to the membranes provides antibacterial prop-
erties against E. coli and S. aureus.

3.10. Cell viability assay

Human fibroblast cells were seeded onto electrospun
PLGA/gelatin membranes with and without HCC, and cell
viability was evaluated using the MTS assay. Briefly, 10*
cells were seeded onto membranes in 96 well plates and
wells without membrane were selected as a control group.
According to the results of the MTS for 24h and 48h,
membranes with and without HCC had no toxic effect,
and cell viability was observed above 90%, which approves
the biocompatibility of the membranes (Figure 11). In the

120= Hl 24h =3 48h
100 = — 1 = _
s S
5 80
s 60
>
= 40
Q
20
0= T T T T T T
’ >
& & & ¢ ¢
& o
» & g g N
\)0 & Q Q
< ¢ \J J \a
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& & &
34 ¥ © o
g A
Membranes

Figure 11. Cell viability (%) of PLGA/gelatin membranes with and without HCC.

literature, it was shown that PLGA/gelatin membranes do
not cause toxicity on fibroblast cells!'" 2 4],

3.11. Cell attachment assay

Attachment of human fibroblasts onto electrospun PLGA/
gelatin membranes with and without HCC was shown using
DAPI staining and SEM analysis in Figures 12 and 13,
respectively. The nuclear was stained with DAPI and visual-
ized by Fluorescence microscopy. According to Figure 12, it
was shown that cell nuclei present on the membrane.
Additionally, HCC adding to the membrane increased the
number of cells attached onto the membrane in pre-deter-
mined time period indicating that the cells adhered to the
membrane and continued to grow. FT-IR and contact angle
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Figure 12. DAPI staining of (a) PLGA/gelatin at 24 h, (b) PLGA/gelatin at 48 h, (c) PLGA/gelatin/7.5 wt% HCC at 24 h, and (d) PLGA/gelatin/7.5 wt% HCC at 48 h.

- - -

Figure 13. SEM images of (a) PLGA/gelatin at 24 h, (b) PLGA/gelatin at 48 h, (c) PLGA/gelatin/7.5 wt% HCC at 24 h, and (d) PLGA/gelatin/7.5 wt% HCC at 48 h.
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results provide the addition of HCC to the membrane
increased the hydrophilicity of the membrane. Kim et al.[*"!
showed that increasing membrane hydrophilicity improves
cell attachment on the membrane. Yadollah-Damavandi
et al®”! used H. perforatum gel consisting of 5wt% and
10wt% extract and showed that the numerical fibroblast
density and collagen volume density increased depending on
the percentage of H. perforatum, which demonstrate that H.
perforatum has an inducing effect on fibroblast proliferation.
Also, Oztiirk et al.!®*! showed that Hypericum species wound
healing mechanism might be related to fibroblast migration
and simulation of collagen synthesis. Additionally, Rao
et al.'® showed that pro healing activity of Hypericum spp
increasing wound contraction rate and granulation tissue
breaking, which results in enhanced epithelialization. The
results approve that the addition of HCC to the membrane
increases cell binding and biocompatibility.

4. Conclusions

In this study, we prepared antibacterial PLGA/gelatin
membranes containing HCC, a traditional medicinal
herbal, by the electrospinning technique. We first
extracted HCC and analyzed the chemical composition
with GC-MS. After the extraction phase, we prepared
PLGA/gelatin  blend solutions (9:1, v/v) containing
different amounts of HCC extract (1, 5, 7.5, 10wt%) and
electrospun the solutions to obtain membranes with a
bead-free and uniform fiber structure. According to SEM
images, membranes without HCC had bead free and uni-
form fiber structure. The average fiber diameters of neat
membrane and HCC containing membranes were meas-
ured as 1.83+1.02um (neat), 1.05+0.56um (1wt%),
0.7+£0.29 um (5wt%), 0.51+0.11 pm (7.5 wt%),
0.49+0.2um (10wt%), respectively, which shows that an
increase in HCC concentration resulted in a reduction in
fiber diameter. Membrane without HCC was the highest
contact angle value with 113.72° and adding HCC to the
membrane reduced contact angle value, resulting in
increased membrane hydrophilicity. The release profile of
the extract in the electrospun membranes was followed by
detecting hypericin content, and 80% HCC was released
in the first 24 h. The degradation ratio of HCC containing
membrane was higher than the neat membrane because
the release of HCC from the membrane caused a decrease
of membrane weight and the degradation rates of mem-
branes with and without HCC were 13.7% and 30.4%,
respectively. The antibacterial activity of electrospun mem-
branes against S. aureus and E. coli was tested by using
Kirby-Bauer disk diffusion susceptibility test and mem-
branes with a ratio of 5wt% and above showed antibac-
terial properties. The biocompatibility of electrospun
PLGA/gelatin and HCC extract containing electrospun
PLGA/gelatin membranes were evaluated by in vitro cell
attachment and proliferation studies and membrane with
HCC and without HCC did not exhibit a toxic effect on
human fibroblast cell and addition of HCC to the mem-
brane increased cell adhesion. According to all results, the

membrane containing HCC is promising material as a
wound dressing material.

Acknowledgments

The authors would like to thank Hacettepe University Advanced
Technologies Research and Application Center (HUNiTEK), Ankara,
for their help in the gas chromatographic and mass spectrometric
measurements.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Ismail Alper Isoglu (?) http://orcid.org/0000-0001-6428-4207

References

[1] Bharambe, S. V. Darekar, A. B, Saudagar, R. B. Wound
Healing Dressings and Drug Delivery Systems: A Review. Int. ].
Pharm. Technol. 2013, 5, 2764-2786. d0i:10.1002/jps.21210.

[2] Xu, C. Y, Inai, R; Kotaki, M., Ramakrishna, S. Aligned
Biodegradable Nanofibrous Structure: A Potential Scaffold for
Blood Vessel Engineering. Biomaterials 2004, 25, 877-886. doi:
10.1016/S0142-9612(03)00593-3.

[3] Ghasemi-Mobarakeh, L.; Prabhakaran, M. P.; Morshed, M.;
Nasr-Esfahani, M. H. Ramakrishna, S. Electrospun Poly(e-
Caprolactone)/Gelatin Nanofibrous Scaffolds for Nerve Tissue
Engineering. Biomaterials 2008, 29, 4532-4539. doi:10.1016/j.
biomaterials.2008.08.007.

[4] Sill, T. J; von Recum, H. A. Electrospinning: Applications in
Drug Delivery and Tissue Engineering. Biomaterials 2008, 29,
1989-2006. doi:10.1016/j.biomaterials.2008.01.011.

[5] Badami, A. S.; Kreke, M. R; Thompson, M. S; Riffle, J. S;
Goldstein, A. S. Effect of Fiber Diameter on Spreading,
Proliferation, and Differentiation of Osteoblastic Cells on
Electrospun Poly(Lactic Acid) Substrates. Biomaterials 2006, 27,
596-606. doi:10.1016/j.biomaterials.2005.05.084.

[6] Moroni, L; Licht, R; de Boer, J; de Wijn, J. R; van
Blitterswijk, C. A. Fiber Diameter and Texture of Electrospun
PEOT/PBT Scaffolds Influence Human Mesenchymal Stem Cell
Proliferation and Morphology, and the Release of Incorporated
Compounds. Biomaterials 2006, 27, 4911-4922. doi:10.1016/].
biomaterials.2006.05.027.

[7] Piskin, E; Bolgen, N, Egri, S; Isoglu, I. A. Electrospun
Matrices Made of Poly(o-Hydroxy Acids) for Medical Use.
Nanomedicine (Lond) 2007, 2, 441-457. do0i:10.2217/17435889.2.
4.441.

[8] Bal, B; Tugluca, I. B,; Koc, N Isoglu, I. A. On the Detailed
Mechanical Response Investigation of PHBV/PCL and PHBV/
PLGA Electrospun Mats. Mater. Res. Express. 2019, 6, 065411.
doi:10.1088/2053-1591/ab0eaa.

[9] Zong, X; Li, S; Chen, E; Garlick, B.; Kim, K. S; Fang, D
Chiu, J.; Zimmerman, T.; Brathwaite, C.; Hsiao, B. S.; et al.
Prevention of Postsurgery-Induced Abdominal Adhesions by
Electrospun  Bioabsorbable Nanofibrous Poly(Lactide-Co-
Glycolide)-Based Membranes. Ann. Surg. 2004, 240, 910-915.
d0i:10.1097/01.51a.0000143302.48223.7¢.

[10]  Liu, S.J; Kau, Y. C; Chou, C. Y.; Chen, J. K; Wu, R. C.; Yeh,
W. L. Electrospun PLGA/Collagen Nanofibrous Membrane as
Early-Stage Wound Dressing. J. Memb. Sci. 2010, 355, 53-59.
doi:10.1016/j.memsci.2010.03.012.

[11]  Zhang, Y.; Ouyang, H;; Chwee, T. L; Ramakrishna, S.; Huang,

Z. M. Electrospinning of Gelatin Fibers and Gelatin/PCL


https://doi.org/10.1002/jps.21210
https://doi.org/10.1016/S0142-9612(03)00593-3
https://doi.org/10.1016/j.biomaterials.2008.08.007
https://doi.org/10.1016/j.biomaterials.2008.08.007
https://doi.org/10.1016/j.biomaterials.2008.01.011
https://doi.org/10.1016/j.biomaterials.2005.05.084
https://doi.org/10.1016/j.biomaterials.2006.05.027
https://doi.org/10.1016/j.biomaterials.2006.05.027
https://doi.org/10.2217/17435889.2.4.441
https://doi.org/10.2217/17435889.2.4.441
https://doi.org/10.1088/2053-1591/ab0eaa
https://doi.org/10.1097/01.sla.0000143302.48223.7e
https://doi.org/10.1016/j.memsci.2010.03.012

12 (&) N.N.AKSIT ET AL.

(12]

(13]

(14]

(15]

[16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

Composite Fibrous Scaffolds. J. Biomed. Mater. Res. Part B
Appl. Biomater. 2005, 72, 156-165. doi:10.1002/jbm.b.30128.
Zhang, Y. Z.; Venugopal, J; Huang, Z. M, Lim, C. T;
Ramakrishna, S. Crosslinking of the Electrospun Gelatin
Nanofibers. Polymer 2006, 47, 2911-2917. doi:10.1016/j.poly-
mer.2006.02.046.

Agnes Mary, S.; Giri Dev, V. Electrospun Herbal Nanofibrous
Wound Dressings for Skin Tissue Engineering. J. The Text. Inst.
2015, 106, 886-895. doi:10.1080/00405000.2014.951247.
Dhayabaran, V.; Margret, A. Nanoparticulated Formulations of
St. John’s Wort (Hypericum perforatum L.) as Smart Drug
Delivery System Combating Depression Incited in Mice Models.
J. Pharm. Pharmacogn. Res. 2017, 5, 187-199.

Raina, R; Parwez, S; Verma, P. K; Pankaj, N. K. Medicinal
Plants and Their Role in Wound Healing. Vet Scan 2008, 3,
1-6.

Rao, S.; Udupa, A; Udupa, S; Kulkarni, D. Calendula and
Hypericum: Two Homeopathic Drugs Promoting Wound
Healing in Rats. Fitoterapia 1991, 62, 508-510.

Bingol, U, Cosge, B.; Gurbuz, B. Hypericum Species in the
Flora of Turkey. Med. Aromat. Plant Sci. Biotechnol. 2011, 5,
86-90.

Boga, M.; Ertas, A, Eroglu-Ozkan, E; Kizil, M.; Ceken, B,
Topcu, G. Phytochemical Analysis, Antioxidant, Antimicrobial,
Anticholinesterase and DNA Protective Effects of Hypericum
capitatum var. capitatum Extracts. South African ]. Bot. 2016,
104, 249-257. doi:10.1016/j.5ajb.2016.02.204.

Meng, Z. X,; Xu, X. X;; Zheng, W.; Zhou, H. M,; Li, L; Zheng,
Y. F; Lou, X. Preparation and Characterization of Electrospun
PLGA/Gelatin Nanofibers as a Potential Drug Delivery System.
Colloids Surf. B Biointerfaces 2011, 84, 97-102. doi:10.1016/j.
colsurfb.2010.12.022.

Hu, J; Wei, J; Liu, W, Chen, Y. Preparation and
Characterization of Electrospun PLGA/Gelatin Nanofibers as a
Drug Delivery System by Emulsion Electrospinning. J.
Biomater. Sci. Polym. Ed. 2013, 24, 972-985. doi:10.1080/
09205063.2012.728193.

Norouzi, M.; Shabani, 1.; Ahvaz, H. H.; Soleimani, M. PLGA/
Gelatin Hybrid Nanofibrous Scaffolds Encapsulating EGF for
Skin Regeneration. J. Biomed. Mater. Res. 2015, 103,
2225-2235. doi:10.1002/jbm.a.35355.

Jia, Y. T.; Gong, J.; Gu, X. H; Kim, H. Y; Dong, J.; Shen, X. Y.
Fabrication and Characterization of Poly (Vinyl Alcohol)/
Chitosan Blend Nanofibers Produced by Electrospinning
Method. Carbohydr. Polym. 2007, 67, 403-409. doi:10.1016/].
carbpol.2006.06.010.

Chuang, W. Y; Young, T. H; Yao, C. H; Chiu, W. Y.
Properties of the Poly(Vinyl Alcohol)/Chitosan Blend and Its
Effect on the Culture of Fibroblast in Vitro. Biomaterials 1999,
20, 1479-1487. doi:10.1016/S0142-9612(99)00054-X.

Meng, Z. X;; Wang, Y. S; Ma, C; Zheng, W,; Li, L; Zheng,
Y. F. Electrospinning of PLGA/Gelatin Randomly-Oriented and
Aligned Nanofibers as Potential Scaffold in Tissue Engineering.
Mater. Sci. Eng. C 2010, 30, 1204-1210. doi:10.1016/j.msec.
2010.06.018.

Zhang, Y. Z; Venugopal, J; Huang, Z. M, Lim, C. T,
Ramakrishna, S. Characterization of the Surface
Biocompatibility of the Electrospun PCL-Collagen Nanofibers
Using Fibroblasts. Biomacromolecules 2005, 6, 2583-2589. doi:
10.1021/bm050314k.

Egri, O.; Erdemir, N. Production of Hypericum perforatum Oil
Loaded Membranes for Wound Dressing Material and in Vitro
Tests. Artif. Cells Nanomed. Biotechnol. 2019, 47, 1404-1415.
doi:10.1080/21691401.2019.1596933.

Tabichella, M. L. In Vitro Bacteriostatic Effect of a Scaffold with
a Mixture of Hypericum perforatum and Azadirachta indica Oil
Extracts. BIMMR 2015, 6, 431-438. doi:10.9734/BJMMR/2015/
14258.

Pourhojat, F.; Sohrabi, M.; Shariati, S.; Mahdavi, H.; Asadpour,
L. Evaluation of Poly E-Caprolactone Electrospun Nanofibers

[29]

(30]

(31]

(32]

(33]

[34]

(35]

[36]

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

Loaded with Hypericum perforatum Extract as a Wound
Dressing. Res. Chem. Intermed. 2017, 43, 297-320. doi:10.1007/
s11164-016-2623-7.

Pourhojat, F.; Shariati, S.; Sohrabi, M.; Mahdavi, H.; Asadpour,
L. Preparation of Antibacterial Electrospun Poly Lactic-
co-Glycolic Acid Nanofibers Containing Hypericum perforatum
with Bedsore Healing Property and Evaluation of Its Drug
Release Performance. Int ] Nano Dimens. 2018, 9, 286-297.
Sokmen, A.; Jones, B. M.; Erturk, M. The In Vitro Antibacterial
Activity of Turkish Medicinal Plants. J. Ethnopharmacol. 1999,
67, 79-86. doi:10.1016/S0378-8741(98)00189-5.

Gitea, D.; Sipos, M.; Mircea, T.; Pagca, B. The Analysis of
Alcoholic  Extracts of Hypericum Species by Uv/Vis
Spectrophotometry. Anal. Univ. Oradea. Fasc. Biol. 2010, 17,
111-115.

Ravindran Chandrasekaran, A.; Yoke Jia, C.; Sheau Theng, C;
Muniandy, T.; Muralidharan, S; Arumugam Dhanaraj, S.
Invitro Studies and Evaluation of Metformin Marketed Tablets-
Malaysia. J. Appl. Pharm. Sci. 2011, 1, 214-217.
Sadeghi-Avalshahr, A.; Nokhasteh, S.; Molavi, A. M.; Khorsand-
Ghayeni, M. Mahdavi-Shahri, M. Synthesis and
Characterization of Collagen/PLGA Biodegradable Skin Scaffold
Fibers. Regen. Biomater. 2017, 4, 309-314. doi:10.1093/rb/
rbx026.

Dilamian, M.; Montazer, M., Masoumi, J. Antimicrobial
Electrospun Membranes of Chitosan/Poly(Ethylene Oxide)
Incorporating Poly(Hexamethylene Biguanide) Hydrochloride.
Carbohydr. Polym. 2013, 94, 364-371. doi:10.1016/j.carbpol.
2013.01.059.

Ranjbar-Mohammadi, M.; Zamani, M.; Prabhakaran, M. P,
Bahrami, S. H.; Ramakrishna, S. Electrospinning of PLGA/Gum
Tragacanth Nanofibers Containing Tetracycline Hydrochloride
for Periodontal Regeneration. Mater. Sci. Eng. C Mater. Biol.
Appl. 2016, 58, 521-531. doi:10.1016/j.msec.2015.08.066.
Ciriminna, R.; Fidalgo, A, Ilharco, L. M., Pagliaro, M.
Dihydroxyacetone: An Updated Insight into an Important
Bioproduct. ChemistryOpen 2018, 7, 233-236. doi:10.1002/open.
201700201.

Mandava, V. N. B. R;; Cherukupally, P.; Varanasi, G.; Areveli,
S.; Vempati, C. S.; Narayana, R. R;; Kandala, S. C. Preparation
of fosamprenavir calcium. U.S. 2011/0224443, Sep 15, 2011.
Lee, K. G.; Shibamoto, T. Antioxidant Properties of Aroma
Compounds Isolated from Soybeans and Mung Beans. J. Agric.
Food Chem. 2000, 48, 4290-4293. do0i:10.1021/jf000442u.

Teoh, Y. P.; Don, M. M,; Ujang, S. Media Selection for Mycelia
Growth, Antifungal Activity against Wood-Degrading Fungi,
and GC-MS Study by Pycnoporus sanguineus. BioResources
2011, 6, 2719-2731.

Park, E. S; Moon, W. S; Song, M. J; Kim, M. N; Chung,
K. H; Yoon, J. S. Antimicrobial Activity of Phenol and Benzoic
Acid Derivatives. Int. Biodeterior. Biodegrad. 2001, 47, 209-214.
doi:10.1016/50964-8305(01)00058-0.

Kocagaligkan, I; Talan, I; Terzi, I. Antimicrobial Activity of
Catechol and Pyrogallol as Allelochemicals. Zeitschrift Fur
Naturforsch. - Sect. C J. Biosci. 2006, 61, 639-642. doi:10.1515/
znc-2006-9-1004.

Al-Omran, F; Mohareb, R. M,; El-Khair, A. A. Synthesis and
Biological Effects of New Derivatives of Benzotriazole as
Antimicrobial and Antifungal Agents. J. Heterocycl. Chem.
2002, 39, 877-883. doi:10.1002/jhet.5570390504.

Kamalpuria, T. Chourey, M. Bende, N, Ghuraiya, A,;
Bhardwaj, A. International Journal of Current Research in
Chemistry and Pharmaceutical Sciences Synthesis, Spectral
Studies and Antimicrobial Activity of Arsenic (III)
Benzaldehyde Semicarbazone, Thiosemicarbazone and Their
Derivatives. Int. J. Curr. Res. Chem. Pharm. Sci. 2016, 3, 30-35.
Bagci, E; Yuce, E. Journal of Essential Oil Bearing Plants
Constituents of the Essential Oils of Two Hypericum capitatum
Choisy Varieties (var. capitatum and var. luteum Robson) from


https://doi.org/10.1002/jbm.b.30128
https://doi.org/10.1016/j.polymer.2006.02.046
https://doi.org/10.1016/j.polymer.2006.02.046
https://doi.org/10.1080/00405000.2014.951247
https://doi.org/10.1016/j.sajb.2016.02.204
https://doi.org/10.1016/j.colsurfb.2010.12.022
https://doi.org/10.1016/j.colsurfb.2010.12.022
https://doi.org/10.1080/09205063.2012.728193
https://doi.org/10.1080/09205063.2012.728193
https://doi.org/10.1002/jbm.a.35355
https://doi.org/10.1016/j.carbpol.2006.06.010
https://doi.org/10.1016/j.carbpol.2006.06.010
https://doi.org/10.1016/S0142-9612(99)00054-X
https://doi.org/10.1016/j.msec.2010.06.018
https://doi.org/10.1016/j.msec.2010.06.018
https://doi.org/10.1021/bm050314k
https://doi.org/10.1080/21691401.2019.1596933
https://doi.org/10.9734/BJMMR/2015/14258
https://doi.org/10.9734/BJMMR/2015/14258
https://doi.org/10.1007/s11164-016-2623-7
https://doi.org/10.1007/s11164-016-2623-7
https://doi.org/10.1016/S0378-8741(98)00189-5
https://doi.org/10.1093/rb/rbx026
https://doi.org/10.1093/rb/rbx026
https://doi.org/10.1016/j.carbpol.2013.01.059
https://doi.org/10.1016/j.carbpol.2013.01.059
https://doi.org/10.1016/j.msec.2015.08.066
https://doi.org/10.1002/open.201700201
https://doi.org/10.1002/open.201700201
https://doi.org/10.1021/jf000442u
https://doi.org/10.1016/S0964-8305(01)00058-0
https://doi.org/10.1515/znc-2006-9-1004
https://doi.org/10.1515/znc-2006-9-1004
https://doi.org/10.1002/jhet.5570390504

[46]

(48]

(49]

(50]

(52]

INTERNATIONAL JOURNAL OF POLYMERIC MATERIALS AND POLYMERIC BIOMATERIALS 13

Turkey. J. Essent. Oil Bear. Plants 2011, 14, 106-113. doi:10.
1080/0972060X.2011.10643908.

Pu, Z. H; Zhang, Y. Q; Yin, Z. Q,; Jiao, X. U; Jia, R. Y,; Lu,
Y.; Yang, F. Antibacterial Activity of 9-Octadecanoic Acid-
Hexadecanoic Acid-Tetrahydrofuran-3, 4-Diyl Ester from Neem
Oil. Agric. Sci. China 2010, 9, 1236-1240. doi:10.1016/S1671-
2927(09)60212-1.

Silva, A. C. R; da Lopes, P. M.; Azevedo, M. M. B; de Costa,
D. C. M,; Alviano, C. S;; Alviano, D. S. Biological Activities of
A-Pinene and [-Pinene Enantiomers. Molecules 2012, 17,
6305-6316. doi:10.3390/molecules17066305.

Xiong, L.; Peng, C; Zhou, Q.-M.; Wan, E; Xie, X.-F.; Guo, L
Li, X.-H.; He, C.-J.; Dai, O. Molecules Chemical Composition
and Antibacterial Activity of Essential Oils from Different Parts
of Leonurus japonicus Houtt. Molecules 2013, 18, 963-973. doi:
10.3390/molecules18010963.

Magbool, Q. Kruszka, D, Kachlicki, P; Franklin, G.
Organometallic Ag Nanostructures Prepared Using: Hypericum
perforatum Extract Are Highly Effective against Multidrug-
Resistant Bacteria. RSC Adv. 2018, 8, 30562-30572. doi:10.1039/
C8RA05655B.

Oliveira, R. N.; Mancini, M. C.; Oliveira, F. C. S. d.; Passos,
T. M.; Quilty, B;; Thiré, R. M. d S. M.; McGuinness, G. B. FTIR
Analysis and Quantification of Phenols and Flavonoids of Five
Commercially Available Plants Extracts Used in Wound
Healing. Matéria (Rio J.) 2016, 21, 767-779. doi:10.1590/S1517-
707620160003.0072.

Jose, M. V.; Thomas, V.; Dean, D. R; Nyairo, E. Fabrication
and Characterization of Aligned Nanofibrous PLGA/Collagen
Blends as Bone Tissue Scaffolds. Polymer 2009, 50, 3778-3785.
doi:10.1016/j.polymer.2009.05.035.

Nezarati, R. M,; Eifert, M. B.; Cosgriff-Hernandez, E. Effects of
Humidity and Solution Viscosity on Electrospun Fiber
Morphology. Tissue Eng. C. Methods 2013, 19, 810-819. doi:10.
1089/ten.tec.2012.0671.

Zuo, W, Zhu, M,; Yang, W, Yu, H; Chen, Y; Zhang, Y.
Experimental Study on Relationship between Jet Instability and
Formation of Beaded Fibers during Electrospinning. Polym.
Eng. Sci. 2005, 45, 704-709. doi:10.1002/pen.20304.

Baji, A; Mai, Y. W,; Wong, S. C; Abtahi, M,; Chen, P.
Electrospinning of Polymer Nanofibers: Effects on Oriented
Morphology, Structures and Tensile Properties. Compos. Sci.

(54]

(55]

[56]

(57]

(58]

(59]

[60]

(61]

[62]

Technol. 2010, 70, 703-718. doi:10.1016/j.compscitech.2010.01.
010.

Hohman, M. M., Shin, M. Rutledge, G.; Brenner, M. P.
Electrospinning and Electrically Forced Jets. I. Stability Theory.
Phys. Fluids 2001, 13, 2201-2220. doi:10.1063/1.1383791.

Fu, C; Bai, H; Hu, Q.; Gao, T.; Bai, Y. Enhanced Proliferation
and Osteogenic Differentiation of MC3T3-E1 Pre-Osteoblasts on
Graphene Oxide-Impregnated PLGA-Gelatin Nanocomposite
Fibrous Membranes. RSC Adv. 2017, 7, 8886-8897. doi:10.1039/
C6RA26020A.

Sequeira, R. S;; Miguel, S. P,; Cabral, C. S. D.; Moreira, A. F;
Ferreira, P.; Correia, 1. J. Development of a Poly(Vinyl
Alcohol)/Lysine Electrospun Membrane-Based Drug Delivery
System for Improved Skin Regeneration. Int. J. Pharm. 2019,
570, 118640. doi:10.1016/j.ijpharm.2019.118640.
Yadollah-Damavandi, S.; Chavoshi-Nejad, M.; Jangholi, E.;
Nekouyian, N.; Hosseini, S.; Seifaee, A.; Rafiee, S.; Karimi, H.;
Ashkani-Esfahani, S; Parsa, Y. Mohsenikia, M. Topical
Hypericum perforatum Improves Tissue Regeneration in Full-
Thickness Excisional Wounds in Diabetic Rat Model. Evid.
Based Complement. Altern. Med. 2015, 2015, 1-4. doi:10.1155/
2015/245328.

Schempp, C. M.; Pelz, K;; Wittmer, A.; Schopf, E.; Simon, J. C.
Antibacterial Activity of Hyperforin from St John’s Wort,
against Multiresistant Staphylococcus aureus and Gram-Positive
Bacteria.  Lancet 1999, 353, 2129. doi:10.1016/S0140-
6736(99)00214-7.

Avato, P.; Raffo, F.; Guglielmi, G.; Vitali, C.; Rosato, A. Extracts
from St John’s Wort and Their Antimicrobial Activity.
Phytother. Res. 2004, 18, 230-232. do0i:10.1002/ptr.1430.
Saddiqe, Z.; Naeem, I; Maimoona, A. A Review of the
Antibacterial ~ Activity of Hypericum perforatum L. J.
Ethnopharmacol. 2010, 131, 511-521. doi:10.1016/j.jep.2010.07.
034.

Kim, C. H; Khil, M. S; Kim, H. Y.; Lee, H. U, Jahng, K. Y.
An Improved Hydrophilicity via Electrospinning for Enhanced
Cell Attachment and Proliferation. J. Biomed. Mater. Res. 2006,
78B, 283-290. do0i:10.1002/jbm.b.30484.

Oztiirk, N; Korkmaz, S.; Oztiirk, Y. Wound-Healing Activity of
St. John’s Wort (Hypericum perforatum L.) on Chicken
Embryonic Fibroblasts. J. Ethnopharmacol. 2007, 111, 33-39.
doi:10.1016/.jep.2006.10.029.


https://doi.org/10.1080/0972060X.2011.10643908
https://doi.org/10.1080/0972060X.2011.10643908
https://doi.org/10.1016/S1671-2927(09)60212-1
https://doi.org/10.1016/S1671-2927(09)60212-1
https://doi.org/10.3390/molecules17066305
https://doi.org/10.3390/molecules18010963
https://doi.org/10.1039/C8RA05655B
https://doi.org/10.1039/C8RA05655B
https://doi.org/10.1590/S1517-707620160003.0072
https://doi.org/10.1590/S1517-707620160003.0072
https://doi.org/10.1016/j.polymer.2009.05.035
https://doi.org/10.1089/ten.tec.2012.0671
https://doi.org/10.1089/ten.tec.2012.0671
https://doi.org/10.1002/pen.20304
https://doi.org/10.1016/j.compscitech.2010.01.010
https://doi.org/10.1016/j.compscitech.2010.01.010
https://doi.org/10.1063/1.1383791
https://doi.org/10.1039/C6RA26020A
https://doi.org/10.1039/C6RA26020A
https://doi.org/10.1016/j.ijpharm.2019.118640
https://doi.org/10.1155/2015/245328
https://doi.org/10.1155/2015/245328
https://doi.org/10.1016/S0140-6736(99)00214-7
https://doi.org/10.1016/S0140-6736(99)00214-7
https://doi.org/10.1002/ptr.1430
https://doi.org/10.1016/j.jep.2010.07.034
https://doi.org/10.1016/j.jep.2010.07.034
https://doi.org/10.1002/jbm.b.30484
https://doi.org/10.1016/j.jep.2006.10.029

	Abstract
	Introduction
	Materials methods
	Materials
	Methods
	Extraction of HCC
	Fabrication of electrospun membranes
	Characterization of electrospun membranes
	Transform infrared spectrometer (FT-IR)
	Morphology
	Swelling test
	Mechanical analysis
	In vitro drug release study
	Degradation study
	In vitro study of antibacterial activity
	Cell viability assay
	Cell attachment assay and DAPI staining



	Results and discussion
	Gas chromatography-mass spectrometry (GC-MS) results
	FT-IR spectra
	Fiber morphology of electrospun membranes
	Contact angle
	Swelling test
	Mechanical properties
	Release study
	Degradation study
	Antibacterial activity
	Cell viability assay
	Cell attachment assay

	Conclusions
	Acknowledgments
	Disclosure statement
	References


