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Investigation of attributes of bourbon oil
and cobalt nitrate constituted electrospun
nanoscaffolds for blood compatibility

and in vitro bone formation
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Abstract: This work aims to fabricate scaffold using polyurethane (PU) integrated
with bourbon oil (BB) and cobalt nitrate (CoNO,) using the electrospinning technique.
Morphological investigation signified a fall in fibre diameter for the PU/BB and PU/
BB/CoNO, nanocomposite than the PU. Spectral analysis indicated that BB and CoNO,
were added within the PU matrix. Wettability analysis insinuated an increase in the
hydrophobic nature of the PU/BB than the PU. PU/BB/CoNO, turned to be hydrophilic
due to the integration of CoNO, in the polymer matrix. Mechanical testing of PU/BB and
PU/BB/CoNO, indicated an increase in the tensile strength of the fabricated composites.
Atomic force microscopy (AFM) portrayed the reduction in the roughness of the PU/BB
and PU/BB/CoNO, compared to the PU. The coagulation studies invariably documented
the improved anticoagulant behaviour and less toxic nature of the PU/BB and PU/BB/
CoNO, in comparison with the PU. Further, bone mineralization testing revealed the
enhanced apatite formation of the nanocomposite. Nanocomposite scaffolds with the

fore-mentioned properties hold good potential for bone tissue engineering.

Key words: PU, CoNO,, bourbon oil, Electrospun Scaffold, bone tissue applications.

INTRODUCTION

Owing to the limited self-regenerative potential,
mostly large-sized bone defects cannot heal on
their own (Neffe et al. 2014). Major defects due to
trauma or infection (osteomyelitis) are treated
using autografts, allografts and xenografts
which are the golden standard procedures. Their
several drawbacks such as disease transfer,
inadequate availability and reproducibility,
donor availability and immune rejection
hindered their widespread application in clinics
(Bokov et al. 2018). Researchers were constantly
experimenting with several alternative methods
for the past few decades in order to overcome
the limitations of those conventional methods.
Recently, tissue engineering has served as

a valuable option that uses majorly three
components fora reconstruction of the damaged
tissues. The three lead components that are
vital for any tissue engineering applications
are scaffolds, cells and growth factors. Among
these components, scaffold plays a major role in
the cellular attachment and proliferation for de
novo tissue growth (Amini et al. 2012, Ho-Shui-
Ling et al. 2018).

A number of manufacturing techniques are
used for the fabricating scaffolds and some to
name are salt-leaching, phase separation, and
sintering, etc. (Haider et al. 2020, Kundu et al.
2014). Anatomy of the bone tissue reveals that
it is a complex material comprising collagen
fibres, nano-hydroxyapatite and bone cells with
structuresrangingfromnano-scaleto macroscale
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(Gong et al. 2015). However, scaffolds made from
the above-mentioned methods fail to resemble
the native structure of the bone. One of the
techniques which have been known for more
than a century but recently gained attention in
tissue engineering application is electrospinning
(Hong et al. 2019). Electrospinning apparatus
comprises components like a syringe with a
needle, syringe pump, high voltage supply unit
and a collector (Perrone 2012). Electrospinning
is a method to produce the nanofibres from
various polymeric materials that can mimic the
native structure of bone tissue, thanks to their
outstanding properties like increased surface/
volume ratio and highly connected pore density.
Electrospun scaffolds are found to enhance the
cell adhesion paving way to increased bone
tissue growth (Jun etal. 2018, Liu et al. 2013, Vasita
& Katti 2006). Polyurethane is used in this study
as a base material for manufacturing scaffold as
it has long-standing applications in medicine.
Moreover, the polymer chosen in this study is a
polyether-based medical-grade polyether which
has displayed some good physicochemical
properties and widely experimented for tissue
engineering applications (Jaganathan et al. 2017,
2018, 2019).

Bourbon oil was obtained from the
geranium bourbon through steam distillation
of the leaves and stalks. The oil is sweet with
pale olive-green colour (Available at: https,//
www.essentialoilscompany.com/products/
geranium-oil). The components present in the
oil were geraniol, citronellol, isomenthone,
10-epi-y-eudesmol and geranyl formate (Verma
et al. 2013). The oil is used in skincare for
normalisation of sebum levels in dry or greasy
skin and itis found to stimulate the cell renewal.
It acts as an adaptogen which strengths the
immune, nervous and glandular system of the
human body thereby resulting in enhancing the
resistance to stress (Available at: https,//www.
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essentialoilscompany.com/products/geranium-
oil). The utilization of bourbon type geranium
essential oil in regenerative medicine was not
reported although it provides a wide spectrum
of medicinal applications. In recent years, cobalt
has attracted huge attention owing to its novel
electric and catalytic properties. Cobalt is widely
applied in advanced batteries, supercapacitors,
solar cells, electrochromic and tribological
property improvement (Madani & Hamouda
2016). Also, cobalt has been reported to possess
antiviral and antibacterial properties (Chang et
al. 2010). Another interesting property to note
is that cobalt has the ability to stimulate the
angiogenic factors by influencing the hypoxia-
like response (Wu et al. 2012). This research work
for the first time will manufacture a scaffold
based on polyurethane mixed with bourbon
oil and cobalt nitrate. This work will attempt
manufacturing PU/BB and P/BB/CoNO, nano-
scaffolds which will be further studied for its
physicochemical and in-vitro bone -forming
properties.

MATERIALS AND METHODS

Materials

Tecoflex EG-80A (PU) was supplied from Lubrizol
and the solvent dimethylformamide (DMF) was
purchased from Sigma Aldrich, UK. Bourbon oil
(Paradigm Mall, Johor), Cobalt nitrate, (Sigma-
Aldrich, Malaysia), Clotting reagents (Thermo
Fisher Scientific, Selangor, Malaysia) were used
in this work.

Solution preparation and fabrication of
nanocomposites

Electrospun PU was manufactured at 9 wt%
using DMF and stirred for 12 h. For bourbon oil,
4% v/v and 4% w/v of cobalt nitrate was utilized
to make solutions. PU/BB and PU/BB/CoNO,
solutions were prepared by mixing bourbon oil
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and cobalt nitrate solution into PU solution at
a ratio of 81 v/v% and 8:0.5:0.5 v/v respectively
and stirred. All solutions were spun at constant
parameters: 0.2 mL/h (flow rate), 10.5 kV (applied
voltage) and 20 cm (collector distance).

CHARACTERIZATIONS

Morphology investigation

Field Emission Scanning electron microscopy
(FESEM, Hitachi SU8020) was used to picture
the morphologies of fibres fabricated through
electrospinning. Briefly, samples of PU, PU/BB,
PU/BB/CoNO, were cut and coated with gold to
improve the quality of images obtained.

Fourier transform infrared analysis (FTIR)

Nicolet FTIR spectrometer recorded IR spectra of
the PU, PU/BB, PU/BB/CoNO,. The electrospun
composite and the PU were scanned at a
wavelength between 600 and 4,000 cm™.

Contact angle measurements

Video contact angle (VCA) optima contact angle
equipment was used to record the wettability
of the PU, PU/BB, PU/BB/CoNO.. Briefly, a water
droplet (of size 5 uL) was placed on the small cut
piece of the samples and its image is recorded.
The contact angle was calculated through
software installed in the machine.

Thermogravimetric analysis (TGA)

The thermal property investigation of the PU,
PU/BB, PU/BB/CoNO, was carried out in the
TGA equipment. The heating was performed by
placing 3 mg of samples in the TGA unit from
30°Cto 1000°Cunder N, atmospheric conditions.

Atomic force microscopy analysis (AFM)

AFM setup measured the surface roughness
of the electrospun nanofibres. A small section
ofthe PU, PU/BB, PU/BB/CoNO, was scanned in
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the tapping mode under normal atmosphere.
JPKSPM data processing software was used to
measure the surface roughness.

Mechanical testing

Electrospun PU, PU/BB, PU/BB/CoNO, was tested
for their mechanical properties using the Gotech
Testing Machine, AI-3000. Testing was performed
by following the ASTM D882 standard. Samples
were fixed at the gripping units of the tester and
it was tested at a crosshead speed of 10mm/min
with the load cell of 500 N.

Blood compatibility measurements

To determine the activated partial
thromboplastin time (APTT) of the fabricated
bone scaffolds (PU, PU/BB, and PU/BB/CoNO3),
50 pl of platelet - poor plasma (PPP) was placed
on the surface at 37°C. This is followed by the
addition of 50 pl of rabbit brain cephalin and
kept incubated for 3 minutes before the addition
of calcium chloride (0.025M). For prothrombin
time (PT) assay, PPP addition is followed by
the addition of 0.9% sodium chloride (NaCl)-
thromboplastin containing calcium. In the case
of haemolysis assay, a 4:5 v/v% ratio of citrated
blood and diluted saline was used for incubating
the samples at 37°C for 1hour. Haemoglobin
released from red blood cells is estimated by
measuring the optical density at a wavelength of
542nm (Mani et al. 2018, Chao et al. 2018).

BIOACTIVITY TEST

Bone forming ability was investigated by the
formation of apatite. Briefly, nanofibres of PU,
PU/BB, PU/BB/CoNO, with the size of 1 X, 1
cm’ was cut and left in 1.5x SBF (pH 7.4; 37 °C)
for fourteen days. Simulated body fluid (SBF)
was prepared by dissolving the reagents in the
distilled water to mimic the human plasma
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concentrations. Briefly, 141 mM NacCl, 4.0 mM KCl,
0.5 mM MgS04, 1.0 mM MgCl2, 42 mM NaHCO3,
2.5 mM CaCl22H20, 3.94 g/L of Tris-HCl and 1.0
mM KH2PO4 used to prepare the SBF and pH of
the solution was adjusted to 7.4 (Park et al. 2017).
Fibres were removed and dried before imaging
using FESEM to estimate the amount of calcium
deposition.

RESULTS AND DISCUSSION
FESEM results

FESEM images (Figure 1) revealed nanofibres
of electrospun PU, PU/BB and PU/BB/CoNO,
membranes were randomly distributed without
any beads. Image J analysis of the micrographs
revealed the fibre diameters of PU, PU/BB and
PU/BB/CoNO, as 1395 + 133 nm, 563 * 176 nm
and 405 * 159 nm respectively. The electrospun
PU/BB, PU/BB/CoNO, nanocomposite exhibited
a reduced fibre diameter. This is attributed to
the added constituents like BB oil and CoNO,.

POLYURETHANE ADDED BOURBON OIL AND COBALT NITRATE

Reduced fibre diameter plays a putative role in
enhancing cell adhesion and proliferation. This
is majorly due to the diameters of the fabricated
fibre which are in the range of the extracellular
matrix. A recent study ascribed the reduced
diameter (less than 1000 nm) was favourable
in case of bone tissue engineering (Chao et al.
2018). Hence, the fabricated composites will
be an appropriate candidate for bone tissue
growth. Energy dispersive X-ray (EDX) study of
electrospun PU/BB/CoNO3 showed cobalt (111%)
in addition to the oxygen and carbon content.

FTIR analysis

FTIR analysis of PU, PU/BB and PU/BB/CoNO,
was performed to identify the chemical groups
and their spectra were shown in Figure 2. The
characteristic peaks present in the pristine PU
include: broadband at 3,318 cm™ represents
NH stretching, peaks at 2,920 cm™ and 2,852
cm™ indicates the CH stretching, twin peaks at
1,730 cm™ and 1,701 cm™ which are attributed to

Figure 1. FESEM images of a) PU, b) PU/BB and c) PU/BB/CONO..
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carbonyl stretching, peaks at 1,597 cm-1and 1,531
cm-1 probably representing the vibrations of NH
bending and CN stretching and peaks at 1,221
cm™, 1105 cm™ and 770 cm™that indicates CO
stretch (Mani et al. 2018, Chao et al. 2018). Both
PE/BB and PE/BB/CoNO, peaks were similar
to that of PU with no new peak’s formation.
However, the increases in the intensity of peaks
were observed with the addition of BB and
CoNO, which was due to the hydrogen bond
formation (Unnithan et al. 2012). Further, it's
also observed that the change in CH peak shift
on adding BB and CoNO, to the polyurethane
matrix (Tijing et al. 2012). The CH peak at 2,920
cm™in PU was shifted to 2941 cm™in PU/BB and
2936 cm™ in PU/BB/CoNO, respectively. Hence,
the formation of the hydrogen bond and peak
shifts indicates the presence of BB and CoNO,in
the polyurethane.

Wettability results

PU scaffold displayed a contact angle of 105°
+ 3 and for electrospun PU/BB, PU/BB/CoNO3,
it was reported to be 114° + 1 and 77° + 2. The
results showed that the PU membrane displayed
a hydrophobic nature. On adding BB oil, PU
scaffold turned hydrophobic whereas adding
CONO, to the PU/BB, wettability was reversed.
The addition of CoNO, into the PU/BB scaffold
favours the hydrophilic nature of the composite
scaffold. A hydrophilic scaffold favours enhanced
cell growth and differentiation whereas it
is limited in the hydrophobic scaffold as it
retards the movement of cell culture medium.
Further, while seeding the cells, a homogeneous
distribution is obtained in a hydrophilic scaffold
favouring the formation of well-engineered
tissues (Yassin et al. 2016). In addition to this,
the observed wettability is in the optimal range
suitable for osteoblast adhesion (Wei et al. 2009).
Hassan et al. (2014) developed a scaffold using
poly (e-caprolactone, PCL) and hydroxyapatite
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(HA) nanofibres. Hydrophilic nature of the
PCL/HA was found to be encouraging in bone
tissue engineering. PE/BB/CoNO, with improved
wettability seems to be a viable option for bone
tissue engineering.

Thermal analysis

The thermal analysis of the electrospun PU,
PU/BB, PU/BB/CoNO, scaffolds were shown
in Figure 3. Electrospun polyurethane displayed
three stages of degradation with the first onset
from 290°C to 375°C, second from 375°C to 414°C
and the third one from 414°C to 650°C. In the
case of the PU/BB, there were two stages of
degradation first one from 296°C to 365°C and
the second one from 365°C to 409°C. PU/BB/
CoNO, depicted four stages of degradation. The
four stages of degradation were as follows: 195°C
to 250°C, 250°C to 350°C, 350°C to 510°C and
510°C to 615°C. The thermal stability of the PU
membrane was increased with the addition of
BB and then decreased while adding CoNO,. The
decrease in the degradation temperature was
because of vaporization of volatile molecules
(H,0) present in the cobalt nitrate. Further, the
DTG curves of the electrospun membrane and
their curves were shown in Figure 4. Peaks of
DTG indicated the mass loss from the samples.
The height of the peaks indicated the rate at
which degradation takes place. In our case,
polyurethane expressed a degradation rate of
018 mg/min followed by PU/BB (0.2 mg/min)
and PU/BB/ CoNO, (011 mg/min). This clearly
evidencesthatthe slowerdegradation properties
of the developed composite (PU/BB/ CoNO,). It
could be inferred, based on the change in peak
intensity between the polyurethane and the
composite samples, BB and CoNO.are integrated
into the polyurethane backbone.
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Surface analysis

The 3D surface images of developed PU, PU/
BB, PU/BB/CoNO, scaffold are presented
in Figure 5. The average roughness (Ra) of the
PU membrane was observed to be 854 + 32 nm.
PU/BB and PU/BB/CoNO, scaffolds displayed Ra
of 565 + 37 nm and 538 + 155 nm respectively.
PU/BB and PU/BB/CoNO, were smoother than
the pristine PU. Kim et al. (2016) found that
scaffolds rendering smaller fibre diameter
would possess smoother surfaces compared
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to the larger fibre diameter ones. The smaller
fibre diameter due to the addition of BB and
CoNO, might have favoured the decrease in the
surface roughness. Ribeiro et al. (2015) showed
that smooth surface enhances the osteoblast
proliferation than rough surfaces insinuating
the potential of newly developed scaffolds in
bone repair.
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Figure 4. DTG curve of PU,
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Tensile analysis

The pristine PU nanofibres exhibited a tensile
strength of 616 MPa whereas PU/BB and PU/
BB/CoNO, displayed a strength of 8.92 MPa and
12.97 MPa respectively (Figure 6). Addition of BB
and CoNO, enhanced the strength of the PU.
Literature cites that the smaller fibre diameter
would favour the mechanical strength (Mani et
al. 2019, Sheikh et al. 2010) and this is in line
with our observations from FESEM where we had
reported smaller diameter for the composites
rather than the PU. Shanmugavel et al. (2014)
reported that their prepared scaffold with
the strength of about 4MPa suitable for bone
tissue engineering. Our composite membranes
displayed enhanced strength than the reported
scaffold strength indicating its dominance for
bone tissue engineering.

Coagulation results

The APTT and PT time for electrospun PU, PU/BB,
PU/BB/CoNO, scaffold were shown in Figure 7a
and 7b. The coagulation times were determined
through APTT assay and for PU scaffold it was
176 + 2 s while PU/BB, PU/BB/CoNO, scaffold,

T T g T T T T T
0 200 400 600 800

T
1000

it was found to be 204 + 3 s and 201 + 1 s
respectively. Similarly, the blood clotting time
determined through PT assay for PU scaffold
was 94 + 2 s and for electrospun PU/BB, PU/BB/
CoNO, scaffold, it was found to be 107 + 2 s and
104 £ 3 s respectively. For the PU, the haemolytic
percentage was calculated to be 2.83% and for
PU/BB, PU/BB/CoNO, scaffolds, it was found to
be 1.55% and 1.66%, respectively as presented in
Figure 7c. The delay in blood clotting time was
owing to the presence of BB and CoNO, into the
PU. Initially, when BB is added to the PU matrix,
the surface turned to be more hydrophobic
which enabled the irreversible adhesion of
plasma proteins resulting in a delay of blood
coagulation times. However, when CoNO, is
added, the surface turned to be hydrophilic
resulting in slight reduction, however, it was still
higher than that of the PU. This is because of
change in the polar and apolar regions of the
PU/BB/CoNO, scaffold (Szycher 1991). Studies
had suggested that the scaffold with smaller
fibre diameter and hydrophobicity might
influence the anticoagulant behaviour (Li et al.
2019). Our fabricated composites with smaller
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(a) (b) Figure 5. AFM
images of a)
PU, b) PU/BB
and c) PU/BB/
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fibre diameter (PU/BB and PU/BB/CONO,) and
hydrophobic nature (PU/BB) might have an

influence in the enhanced anticoagulant nature

Bone mineralisation testing

Calcium depositions of the fabricated PU, PU/
BB, PU/BB/CoNO, were determined through
FESEM imaging and EDX spectra as shown in
Figure 8. The fabricated composites showed
enhanced progress of mineralization than the
pristine PU. The amount of calcium deposition
for the pristine PU was found to be 2.4% and

T T
140 160

for electrospun PU/BB, PU/BB/CoNO, showed
a calcium weight percentage of 8.6% and 11%
respectively. Hence, the presence of BB and
CoNO, accelerated the calcium deposition of the
PU signifying PU/BB, PU/BB/CoNO, as probable
alternatives in bone reconstruction. Hassan et
al. (2014) electrospun a PCL scaffold added with
hydroxyapatite for bone tissue engineering.
It was found that the hydroxyapatite addition
enhanced the calcium deposition than the pure
PCL which resembles our findings. Hence, the
enhanced calcium deposition of the electrospun
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Figure 7. a) APTT, b) PT and c) Hemolytic index of PU, PU/BB and PU/BB/CONO..
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Figure 8. Bone mineralization testing a,c,e) FESEM images of electrospun membranes and b,d,f) EDX spectrum of

electrospun membranes.

composites might be exploited for bone tissue optimizing the solution and process parameters.

engineering scaffolds.

CONCLUSIONS

The fabricated PU/BB, PU/BB/CoNO, scaffolds
displayed relevant physicochemical properties
like fibre diameter, wettability and roughness
which canbetailoredforbonetissue engineering.

Electrospun scaffolds of the PU, PU/BB and  further, PU/BB, PU/SB./. CoNO, scaffolds have
PU/BB/CONO, were successfully fabricated by better blood compatibility and also enhanced

bone formation ability. However, it requires
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further experimentation of how the developed
scaffold reacts with the osteoblast cells which
may further throw lights on the compatibility of
scaffolds with the bone cells.
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