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Abstract: Tissue engineering holds as a prominent technique to repair or replace the damaged human parts
to recreate its native function. In this research, a novel scaffold based on polyurethane (PU) comprising
megni oil was electrospun for tissue engineering applications. The obtained polyurethane blended with
megni oil nanofibers were characterized by scanning electron microscopy (SEM), fourier transform

infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), contact angle measurement and atomic
force microscopy (AFM). Furthermore, the blood compatibility of the fabricated nanocomposites evaluated
through activated prothrombin time (APTT), partial thromboplastin time (PT) and hemolysis assay to
determine the anticoagulant nature. The morphological results showed that the fabricated nanocomposites
showed reduced fiber size (789 + 143.106 nm) than the pristine control (890 + 116.91 nm). The interaction
between PU and megni oil was identified by the hydrogen bond formation evident in the FTIR. The
incorporation of megni oil in the PU decreased the wettability behavior (113.3° + 1.528) and improved the
surface roughness (646 nm). Preliminary evaluation of blood compatibility assessments was carried out

using APTT, PT and hemolysis assay revealed the enhanced antithrombogenicity nature of the fabricated
nanocomposites than the PU. Hence, we conclude that the fabricated new nanocomposite membrane with

desirable characteristics which might find potential application in the tissue engineering applications.
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INTRODUCTION

In recent days, remodeling/replacement of
damaged tissues had been performed using a
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tissue engineering technique. It was an emerging
and prominent technique to repair the different
tissue organs (bone, skin, liver, blood vessel, heart
valve, etc.) of the human body to improve the
function of human tissues. The main goal in the
tissue engineering is fabricating a scaffold which
resembles the native ECM structure (Mathew et al.
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2016). The structure of ECM is three dimensional
which contains proteoglycans and fibrous proteins
embedded with fibers in a diameter range of 50 to
150 nm (Wang et al. 2013, Cheung et al. 2007).
The nanofibers prepared from polymers hold great
promise in resembling the native function of the
extracellular matrix (ECM) (Heydarkhan et al.
2008). Further, the nanofibers revealed better cell
adhesion and proliferation which supports the
remodeling of the damaged tissue (Saw et al. 2007).

In this, different fabricating techniques
like drawing, self-assembly, template-directed
synthesis, phase separation and electro-spinning
were utilized to build up nanoscale matrices
(Okada and Matsumoto 2016, Mazumder 2002).
Electrospinning, a versatile and least expensive
technique is used to pull out ultrafine fibers (drawn
from the syringe needle and collected on the drum)
from the synthetic and natural polymers by applying
a high voltage onto it (Subbiah et al. 2005, Huang
et al. 2003). The extracted fibers have high surface
area and porosity which facilitates the enhanced
adherence, migration and growth of the cell’s
response (Loh and Choong 2013). The assessment
ofthe blood compatibility in the clinical applications
is one of the main parameters which decides the
application of the fabricated materials. Qietal. 2018
electrospun PVA scaffold added with metallocene
polyethylene and plectranthus amboinicus fibers.
It was observed that the addition of metallocene
polyethylene and plectranthus amboinicus resulted
in the improvement of the blood compatibility
and suggested a suitable candidate for bone tissue
engineering. Del Gaudio et al. 2013 fabricated
electrospun poly (e-caprolactone) tubular scaffolds
loaded with aspirin. It was showed that the
prepared poly (e-caprolactone)/aspirin scaffolds
showed improved blood compatibility. Jaganathan
and Mani 2018 fabricated polyurethane scaffold
added with copper particles for wound dressing
application. It was observed that the addition of
copper particles delayed the coagulation time of
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the pristine PU. From these literatures, it was
clearly evident that the electrospun nanofibers with
improved blood compatibility serve as a promising
component in tissue engineering applications.
Currently, biodegradable polymers in terms
of the scaffold were utilized in tissue engineering
and clinical applications like drug delivery
equipment’s, surgical devices, tissue structures
and implants for bone defects. Polyurethane (PU)
finds application in many biomedical devices
because of excellent resembling of ECM mainly
due to its biodegradable, biocompatibility and
good mechanical properties (Lamba et al. 1998,
Ma et al. 2011). Further significant features such
as maintaining a moist environment, high swelling
ratio and excellent oxidation stability allow the
usage of PU in tissue engineering applications
(Jaganathan et al. 2017a). PU was blended with
megni oil to improve the biological properties (blood
compatibility and cellular response) of the PU.
Megni oil is obtained from Nutmeg seed belongs to
Mpyristica genus. It was mostly available in Banda
Islands of Indonesia, Penang Island in Malaysia
and in Grenada, Caribbean. The nutmeg oil
mainly contains 60—80% of d-camphene and other
constituents like d-pinene, limonene, d-borneol,
lI-terpineol, geraniol, safrol, and myristicin
(Maynard 1997). The nutmeg oil possesses various
medicinal benefits such as treating cough syrups
and mixed with almond oil for treating rheumatic
pain. Further, along with honey, it utilizes for
treating nausea, gastroenteritis, chronic diarrhoea
and indigestion (http://www.penmai.com/forums/
nature-cure/8384-nutmeg-jathikai-its-benefits.
html). The objective is to investigate the physico-
chemical characterizations and blood compatibility
assays of the newly developed PU-based
nanocomposites to evaluate their effectiveness for

tissue engineering.
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MATERIALS AND METHODS

MATERIALS

Tecoflex EG-80A, a medical polyurethane
was obtained from Lubrizol and dissolved in
dimethylformamide (DMF) solvent (Sigma
Aldrich, UK). Megni oil was supplied from Elpar
Herbs Sdn. Bhd, Kedah, Malaysia. The chemical
such phosphate buffered saline (PBS) and sodium
chloride physiological saline (0.9% w/v) used in the
coagulation studies were purchased from Sigma-
Aldrich, Kuala Lumpur, Malaysia. The reagents
such as rabbit brain activated cephaloplastin,
calcium chloride (0.025 M), and thromboplastin
(Factor III) used in the APTT and PT studies were
obtained from Diagnostic Enterprises, Solan, India.

PREPARATION OF SOLUTION

The homogeneous polyurethane solution with a
concentration of 9 wt% was done by mixing 0.450g
in 5 ml of DMF for overnight at room temperature.
Similarly, the homogeneous solution of megni oil
(4 wt%) was done by mixing 120 pl of megni oil in
3 ml of DMF and stirred for 1 hr maximum at room
temperature. Finally, the prepared homogeneous
PU solution was added into the prepared Megni
oil solution at a ratio of 8:1 v/v and stirred for 1 hr
maximum to obtain a homogeneous solution.

ELECTROSPINNING PROCESS

The electrospinning setup was used to fabricate
the pure PU and composite PU membranes. To
fabricate nanofibers, 10 ml syringe is filled with the
prepared homogeneous solutions of polyurethane
and composite and fitted in the syringe pump.
The parameters used in this study as follows: an
applied voltage of 10 kV, flow rate 0.5 ml/h and
collector distance as 20 cm respectively for both
PU and composite membranes. The nanofibers
were collected using aluminum foil placed on the
collector drum. Finally, the obtained nanofibers
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were dried under vacuum for 24 hr to remove any
residual DMF in the nanofibers.

PHYSICOCHEMICAL CHARACTERIZATION

A detailed investigation of physicochemical
characterization was performed. Initially, the
morphology of the electrospun membranes
were investigated using SEM unit and the fiber
size distribution was obtained using Image J.
Wettability of the electrospun membranes were
calculated manually employing VCA contact angle
analysis instrument. The electrospun membranes
were inspected over the range of 600-4000 cm™
using FTIR unit to investigate the chemical peaks
present. The thermal properties of the electrospun
membranes were carried out using TGA unit at
a heating rate of 10 °C/min with the temperature
range of 30 °C - 1000 °C. The surface roughness
of the electrospun membranes was measured using
AFM unit by scanning in size of 20 ym x 20 um
with pixels of 256 * 256.

COAGULATION ASSAYS
APTT and PT assay

Anticoagulant nature of the electrospun membranes
was determined using APTT and PT assay. To begin
the assay, a small piece of electrospun membrane
was cut, washed with PBS and incubated at 37 °C
for 30 min. The test was carried out by following
the protocol as explained earlier. Lastly, the mean
APTT and PT were measured for both electrospun
PU and composite membranes (Jaganathan et al.
2017a).

Hemolysis assay

The safety of the blood cells with the electrospun
membranes was investigated using a hemolysis
assay. To begin the assay, a small piece of
electrospun membrane was cut and incubated
in physiological saline for 30 min at 37 °C. The

€20190018 319



SARAVANA KUMAR JAGANATHAN et al.

assay was carried out by following the protocol
as discussed earlier. Lastly, hemolytic index of
the electrospun PU and nanocomposites were
determined using the procedure explained earlier
(Jaganathan et al. 2017b).

STATISTICAL ANALYSIS

All experiments were conducted thrice
independently and the statistical significance was
determined using Unpaired t-test. The results
gained from all experiments are expressed as mean
+ SD. In the case of qualitative experiments, a
representative of three images is shown.

RESULT AND DISCUSSION

Fig. 1a and b represent the fiber morphology
of the electrospun PU and PU/megni oil scaffolds.
It was observed from the SEM figures, that both
electrospunmembranes exhibited randomlyoriented
fibers without any beads. The fiber diameters of
PU and PU/megni oil scaffolds were observed to
890 + 117 nm and 789 + 143 nm, respectively.
The electrospun PU/megni oil composite showed
a reduction in fiber diameter which was due to the
decrease in polymer concentration while adding
megni oil into the polyurethane matrix (Shi et al.
2015). Chen et al. 2010 fabricated scaffold utilizing
polyurethane incorporated with collagen for tissue
engineering application. It was observed that the
addition of collagen into the polyurethane matrix
resulted in the reduction of fiber diameter than the
pristine PU. The reported fiber diameter was in
the range of 700-800 nm and exhibited enhanced
cell adhesion and proliferation. Similarly, our
fabricated PU and PU/megni oil scaffolds showed
fiber diameter within these reported values which
suggests the candidate for the tissue engineering
applications.

The IR spectrum of the fabricated PU and PU/
megni oil scaffolds were indicated in Fig. 2. The
spectra of the PU showed three main characteristics

An Acad Bras Cienc (2019) 91(2)

ELECTROSPUN POLYURETHANE INCORPORATED MEGNI OIL

peaks observed at 3323 cm™, 2939 cm™ and 2854
cm™, 1730 cm™ and 1703 cm™ were attributes to NH
stretching, CH stretching and carbonyl stretching
respectively. Further, the other peaks seen at
1597cm™ and 1531cm™ denotes the NH vibrations,
1413 cm™ indicates the CH stretch vibrations and at
1221cm™ and 1104 cm™ CO stretch corresponding
to the alcohol group (Jaganathan et al. 2017a).
In the spectra of the electrospun PU/megni oil
scaffold, it was noted no new peak formation but
their intensity was increased through hydrogen
bond formation (Unnithan et al. 2012 ). Further,
the CH peak shift was observed in the PU/megni
oil scaffold indicates the existence of megni oil in
the PU matrix. The CH peak observed at 2939 cm™
in PU was shifted to 2925 cm™ in PU/megni oil
scaffold which confirms the interaction of PU with
megni oil (Tijing et al. 2012).

The results of water wettability for the
electrospun PU and PU/megni oil nanocomposites
were presented in Table I. From the obtained results
of water wettability test, it was observed that the PU
membrane exhibited hydrophobic with a contact
angle of 100° + 1 and with the addition of megni
oil, the wettability was decreased showing contact
angle of 113.3° = 2. Certain studies of Ceylan et
al. 2008 and Cui et al. 2009 reported that that the
small fiber diameter might favor the increase in
the water contact angle. In our study, the addition
of megni oil resulted in the reduction of the fiber
diameter which might have favored the increase in
the contact angle. Jansen et al. 2005 reported that
the hydrophobic surface might facilitate the more
proteins absorption which supports the improved
healing of bone defects. Hence, the newly
fabricated electrospun nanocomposites exhibited
hydrophobic nature which might facilitate the
enhanced absorption of proteins for the healing of
bone defects.

Thermal analysis was carried to investigate
the effect of megni oil on the thermal stability
of the PU matrix and their curves were showed
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(a)
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(b)

Figure 1 - SEM images of a) PU membrane b) PU/Megni oil nanocomposites.
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Figure 2 - IR spectrum of PU membrane and PU/Megni oil nanocomposites.

in Fig. 3. It was revealed from the TGA test that
the blending of megni oil improved the thermal
stability of the pristine PU. It was noted that the
initial onset temperature of PU was observed to
276 °C whereas it was increased to 287 °C in
PU/megni oil membrane indicating the enhanced
thermal stability. Jaganathan et al. 2017b fabricated
polyurethane scaffold incorporated with mustard
oil nanofibers. It was observed that the addition of
mustard oil into the polyurethane matrix resulted
in the enhancement of the thermal stability which
correlates with our observations. Further at 1000 °C,
the remaining weight residue of the PU membrane
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was observed to 0.45%, while the electrospun
PU/megni oil nanocomposites exhibited weight
residue of 0.55% indicating the existence of megni
oil in the PU matrix. Moreover, the DTG curves
for the electrospun membranes were shown in Fig.
4. It was revealed that the PU/megni oil scaffold
showed reduced weight loss compared to the
PU. The weight loss in PU occurs in three stages
namely first loss begins at 223 °C to 348 °C, the
second loss starts at 348 °C to 446 °C and third loss
observed at 557 °C to 684 °C respectively. In the
electrospun PU/megni oil scaffold, it showed only
two loss indicating its reduced weight loss. The first
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TABLE I
Contact angle Measurement of PU and PU/megni oil nanocomposite.

Average contact angle

S.No Sample .
in degrees
1 Pure Polyurethane 100° +0.5774
2 Polyurethane/megni oil nanocomposites 113.3°+1.528*

*mean differences were significant compared with pure PU (p< 0.05).
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Figure 3 - TGA analysis of PU membrane and PU/Megni oil
nanocomposites.

loss was seen at 221 °C to 362 °C and the second
loss observed at 362 °C to 481 °C respectively. It
was observed that the third weight loss peak in the
PU membrane was observed to be disappeared in
the fabricated PU/megni oil membrane indicating
reduced weight loss. The third weight loss
disappearance was due to the addition of megni
oil in the polyurethane matrix which had increased
the thermal stability by reducing the weight loss
of the fabricated PU/megni oil composite. Chao
et al. 2018 fabricated polyurethane scaffold added

An Acad Bras Cienc (2019) 91(2)

12 -

P U
===—=PU/Megni oil

10+

[
1

Derivative Weight (%/min)

i \&—_
04

¥ T ¥ T E T E T L) 1
0 200 400 600 800 1000
Temperature (°C)

Figure 4 - Weight residue percentage of PU membrane and
PU/Megni oil nanocomposites.

with grape seed oil/honey/propolis. It was shown
that the addition of grape seed oil resulted in the
disappearance of the third weight loss peak in the
pristine PU which resembles our findings.

The surface properties for the electrospun
PU and PU/megni oil scaffold were indicated in
Fig. 5a and b. The surface property measurement
through the AFM analysis revealed that the
surface roughness for PU/megni oil scaffold was
increased than the pristine PU. The average Ra
for the PU membrane was found to 313 nm, while
the electrospun PU/megni oil scaffold showed
Ra of 646 nm, respectively. The results clearly
indicated that the addition of megni oil resulted
in the improved surface roughness of the PU. The
enhanced surface roughness was due to the megni
oil constituents in the polymer matrix. Nikpour et
al. 2012 reported the addition of hydroxyapatite
into chitosan material favored the increase surface
roughness and their findings correlate with our
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Figure 5 - AFM images of a) PU membrane b) PU/Megni oil nanocomposites.

observations. Jaganathan et al. 2017a fabricated
polyurethane scaffold added with mustard oil
nanofibers. It was reported that the addition of
mustard oil improve the surface roughness of the
pristine PU and concluded the reason was due to the
presence of mustard oil constituents in the polymer
matrix. As reported earlier, the megni oil contains
numerous active constituents which might have
favored the improvement in the surface roughness
of the pristine PU.

The blood compatibility assessments of the
electrospun PU and PU/megni oil nanocomposites
determined through APTT and PT assay. The
obtained blood compatibility results revealed that
the blood clotting time for the electrospun PU/megni
oil scaffold was delayed compared to the pristine
PU. The reason for the delayed blood clotting time
was due to the presence of the megni oil in the PU
matrix. In the measurement of APTT assay, the
PU membrane showed blood clotting of 175 + 4
s, while for electrospun PU/megni oil scaffold, the
blood clot formation time was reported to 186 +
2, respectively. In the measurement of PT assay,
the PU membrane showed blood clotting of 76 +
3 s, while for electrospun PU/megni oil scaffold,
the blood clot formation time was reported to 83
+ 2 s, respectively. Further, in order to determine
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the release of hemoglobin from the electrospun
membranes, hemolysis assay was performed. The
PU membrane exhibited hemolytic percentage
of 2.48% and for the PU/megni oil mats, the
measured hemolytic index was observed to be
1.75%. Hence, the electrospun nanocomposite
mats exhibited hemolytic percentage of below
2% and it is known as a non-hemolytic materials
(Jaganathan et al. 2017a). The blood compatibility
is influenced by various surface properties such as
fiber diameter, wettability and surface roughness
(Huang et al. 2003). Jaganathan et al. 2017b
prepared polyurethane/mustard oil composite
using electrospinning technique and observed the
enhancement in the blood compatibility than the
pristine PU because of increase in surface roughness.
In another study, Ayyar et al. 2017 developed
electrospun scaffold utilizing polyurethane
added with indhulekha oil and investigated its
anticoagulant behavior. It was observed that
developed PU/indhulekha oil composite with
smaller fiber diameter displayed improved blood
compatibility than the pristine PU. Further,
Jaganathan et al. 2017b prepared a nanocomposite
based on polyurethane loaded with castor oil which
showed improved blood compatibility. The reason
for the improved blood compatibility may be due to
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their hydrophobic behavior. Hence, the addition of
megni oil in PU matrix showed a reduction in fiber
diameter, enhanced hydrophobicity and improved
surface roughness which might have resulted in the
improvement of the blood compatibility.

CONCLUSION

In this research, a novel scaffold comprising
PU incorporated with megni oil was fabricated
successfully for bone tissue engineering. The results
showed that the fabricated nanocomposites showed
reduced fiber size than the control indicated in the
SEM. The interaction between PU and megni oil
was identified by the hydrogen bond formation
evident in the FTIR. The incorporation of megni
oil in the PU decreased the wettability behavior
and improved surface roughness. Preliminary
evaluation of blood compatibility assessments
was carried out using APTT, PT and hemolysis
assay revealed the enhanced antithrombogenicity
nature of the fabricated nanocomposites than the
PU. Hence, we conclude that the fabricated new
nanomaterial which has desirable characteristics
which might find potential application in the tissue
engineering applications.
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