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Electrospun novel nanocomposite comprising
polyurethane integrated with ayurveda
amla oil for bone tissue engineering
SARAVANA KUMAR JAGANATHAN & MOHAN P. MANI
Abstract: Ayurveda oil contains numerous source of biological constituents which plays

an important role in reducing the pain relief caused during bone fracture. The aim of
the study is to fabricate the polyurethane (PU) scaffold for bone tissue engineering
added with ayurveda amla oil using electrospinning technique. Scanning Electron
Microscopy (SEM) analysis showed that the fabricated nanocomposites showed reduced
fiber diameter (758 ± 185.46 nm) than the pristine PU (890 ± 116.91 nm). Fourier Infrared
Analysis (FTIR) revealed the existence of amla oil in the PU matrix by hydrogen bond
formation. The contact angle results revealed the decreased wettability (116° ± 1.528) of
the prepared nanocomposites compared to the pure PU (100° ± 0.5774). The incorporation
of amla oil into the PU matrix improved the surface roughness. Further, the coagulation
assay indicated that the addition of amla oil into PU delayed the blood clotting times
and exhibited less toxic to red blood cells. Hence, the fabricated nanocomposites
showed enhanced physicochemical and better blood compatibility parameters which
may serve as a potential candidate for bone tissue engineering.
Key words: polyurethane, ayurveda oil, electrospun scaffold, blood compatibility, bone

tissue engineering.

INTRODUCTION
The bone tissue engineering still faces challenges
in the repair of bone defects caused by trauma,
disease, or congenital malformations. The healing
of small bone defects would occur spontaneously,
but the healing of critical size defects wound not
heal spontaneously and takes significant time to
heal (Gogolewski & Gorna 2007). The ultimate
aim of the bone tissue engineering is to improve
the health of musculoskeletal by providing
a living bone graft substitute to aid the repair
of the damaged bone (Tetteh et al. 2014). Bone
tissue engineering utilizes the use of materials to
act as a carrier or template for implanted bone
cells and also to induce the formation of bone
from the surrounding tissue (Burg et al. 2000).

But the traditional treatment methods possess
some disadvantages like scarcity of donor, supply
limitation, an infectious and immune rejection
which limited their usage in the bone repair
(Zhao et al. 2008). Recently, the tissue engineered
scaffold was reported to overcome these
limitations of the traditional methods. In a bone
tissue engineering, the develop scaffold should
provide an 3D structure which should resemble
the native structure of the extra cellular matrix
(ECM). Further, it should possess biodegradable,
biocompatible, highly porous, non-toxic and also
supports the cell adhesion and growth (O’brien
2011, Dhandayuthapani et al. 2011).
The increasing interest in the tissue
engineering applications is the fabrication of
fibrous scaffold with similarity to the native
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structure of the ECM. One of the most capable
techniques utilized for the fabrication of the
fibrous structure is electrospinning technique.
Electrospinning technique involves different
process parameters which could be adjustable
to develop a structure with the required
topographical features. The bone tissue
engineering mainly focuses on fabrication of
the 3D scaffolds embedded with nanofibers that
mimic the ECM (Brun et al. 2011). Electrospinning
is a versatile technique which converts the
polymers, as well as the composite material
into nanofibers which closely resembles
the ECM matrix. The success of nanofibers
in tissue engineering applications was due
to its large surface area to volume ratio and
adequate porosity (Huang et al. 2003). Further,
the nanofiber mats were reported to facilitate
the cell growth, allow gaseous exchange and
nutrients transport to support the tissue
regrowth. In this study, Tecoflex, a medical grade
polyurethane was utilized to fabricate the bone
scaffold. PU is commonly used in biomedical
applications because of its desirable properties
like biodegradable nature, biocompatibility,
good barrier properties, oxygen permeability
and mechanical properties (Lamba et al. 1998,
Ma et al. 2011).
Further, the polyurethane was blended with
amla oil to improve its biological properties.
Amla oil is an ayurvedic solution which contains
a rich source of antioxidants. It also contains
several nutrients such as iron, vitamin A, C, fiber,
potassium, magnesium, and calcium (https://
www.thefusionmodel.com/amla-oil-benefitsuses-side-effects/). Bone mineralization is the
process in which the minerals are deposited
in the organic ECM which facilitates the bone
healing (Aparicio & Ginebra 2015). Since,
the amla oil constitutes various minerals
(potassium, magnesium, and calcium) which
might be putatively enhanced the bone

mineralization for efficient bone remodeling.
Further, the antioxidant behavior was reported
to control the oxidative stress (Fitzmaurice et
al. 2011) which may also facilitate the bone
healing process. The goal of this research is to
fabricate PU and PU/amla oil membrane using
electrospinning technique and investigate their
physico-chemical characteristics and blood
compatibility assessments.

MATERIALS AND METHODS
The homogeneous solution of Polyurethane
(Tecoflex EG-80A, Lubrizol) and amla oil
(obtained locally) were prepared by dissolving
in Dimethylformamide (DMF) (Sigma Aldrich, UK)
to prepare the homogeneous solution. In this
present study, PU (9 wt%) solution was prepared
and blended with 4 wt% concentration of amla
oil to fabricate the electrospun nanocomposite
membrane. The amla oil homogeneous
solution was mixed to PU homogeneous
solution at a ratio of 8:1 (v/v). The PU and PU
amla oil membranes were fabricated through
conventional electrospinning setup. The
prepared homogeneous solutions were taken
in the 10 ml syringe and attached to the syringe
pump. For both samples, the nanofibers were
attained at a voltage power supply of 10 kV was
with a flow rate of 0.5 ml/hr. The nanofibers
were collected on the collector drum which
was placed 20 cm from the needle. Finally, the
fabricated nanofibrous scaffolds were vacuum
dried for 24 h to remove the residual DMF.

Physico-Chemical Characterization
Scanning electron microscopy (SEM)
The electrospun membranes were characterized
by means of SEM to analyze the fibrous
morphology and their fiber diameters. Samples
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from the electrospun membranes were coated
with gold, mounted on an aluminum stub and
the scanning was performed to attain the SEM
images. From the captured images, the average
fiber diameter and fiber distribution were
calculated using Image J by measuring at least
individual 50 fibers randomly.
Chemical and structural analysis
Fourier transform infrared (FTIR) spectroscopy
for the electrospun membranes were carried
out in attenuated total reflection mode (Thermo
Fisher Co, Waltham, MA) to analyze their
absorption bands. The spectra of the electrospun
membranes were inspected at a wavelength of
600 and 4000 cm−1 with a resolution of 4 cm−1.
Contact angle measurements
Video contact angle (VCA) Optima contact
angle measurement unit was used to calculate
the static contact angles for electrospun
membranes. Deionized water with a size of
0.5 µL was automatically dropped onto the
electrospun membranes and the static image
was captured using video cam. The contact
angle was calculated using computer integrated
software and experiment was repeated for three
different trials to determine the mean value.
Atomic force microscopy (AFM)
AFM was performed using an AFM equipment in
the normal atmosphere to determine the surface
roughness of the electrospun membranes.
Qualitative fiber roughness of the electrospun
membranes was determined from a 20 × 20 μm
image with 256 * 256 pixels.
Thermogravimetric analysis (TGA)
TGA was performed using TGA equipment in the
nitrogen atmosphere to determine their thermal
stability. The thermal stability was measured by

heating a sample in the temperature range of
30°C to 1000°C at a rate of 10°C min−1.
Mechanical testing
Tensile tests for the fabricated scaffolds were
performed using uniaxial tensile machine. The
test samples were prepared according to ASTM
standard D882-10. Initially, the samples with a
size of 40 * 10 mm was cut and mounted onto
the clamp ends of the tensile machine. After
clamping, the sample was pulled at a rate of 5
mm/min until fracture with load cell of 500 N.
The computer integrated software generates the
stress-strain curve thorough which the values of
tensile strength and the young’s modulus were
determined.

Coagulation Assays
Activated partial thromboplastin time
The intrinsic pathway of the electrospun
membranes was determined through calculating
APTT. To begin the assay, the electrospun
membranes (0.5 × 0.5 cm 2) were incubated
with 50 μL of platelet-poor plasma at 37°C.
After incubation, it was further added with 50
μL rabbit brain cephalin followed by adding of
50 µL of CaCl2. Using a needle, the mixture was
stirred to initiate the clot formation and the
APTT was measured (Balaji et al. 2016).
Prothrombin time
The extrinsic pathway of electrospun membranes
was determined through calculating PT. For PT
assay, the samples were incubated with plateletpoor plasma (50 μL) at 37°C followed by adding
50 μL of NaCl-thromboplastin (Factor III). Using
a needle, the mixture was stirred to initiate the
clot formation and the PT was measured (Balaji
et al. 2016).
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RESULTS AND DISCUSSION

Hemolysis assay
To perform the assay, the electrospun
membranes (1 cm × 1 cm) were equilibrated
in saline solution for 30 min at 37°C. Then,
the samples were incubated with citrated
blood diluted in silane at a ratio of 4:5 for 60
min at 37°C. After, the incubated membranes
were taken out and centrifuged at 1000 rpm
for 5 min. Finally, the fresh supernatant was
collected and the absorbance was measured at
545 nm to measure the release of hemoglobin.
The percentage of hemolysis was calculated as
discussed earlier (Balaji et al. 2016).
Statistical analysis
All test were done three times independently
and analyzed using Unpaired t-test to determine
the statistical significance. The attained values
are expressed as mean ± SD. In case of qualitative
experiments, a representative of three images is
shown.

Figure 1 display the SEM morphology of neat
PU and PU blended with amla oil scaffolds.
The morphological analysis indicated that the
nanofibers of the fabricated PU and PU blended
scaffolds were randomly oriented and beadles
morphology. The fiber diameters of PU and PU/
amla oil membranes were 890 ± 116.91 nm and
758 ± 185.46 nm whereas their fiber distribution
curve as shown in Figure S2 - Supplementary
Material. Fiber diameters of the electrospun
nanocomposites were observed to be decreased
with the incorporation of the amla oil into the
PU matrix. Prabhakaran et al. 2009 fabricated
scaffolds comprising poly-L-lactide added with
hydroxyapatite for bone tissue engineering.
It was observed and proved that the addition
of hydroxyapatite into PLLA matrix resulted in
the reduction in fiber diameter and exhibited
an enhanced proliferation of the osteoblast

Figure 1. SEM images of (a) PU membrane (lower magnification) (b) PU/Amla oil nanocomposites
(lower magnification) (c) PU membrane (higher magnification) (d) PU/Amla oil nanocomposites
(higher magnification).
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cells. Our prepared developed nanocomposites
showed smaller fiber diameter than the pure PU
which might favor the enhanced osteoblast cell
proliferation for new bone tissue growth.
Figure 3 depicts the ATR-FTIR analysis of
electrospun PU and PU/amla oil nanocomposites
which denotes the characteristics peaks
present in the membranes. The spectra of PU
membrane includes 3323 cm-1 indicates the NH
stretching, 2939 cm-1 and 2854 cm-1 attributed
to CH stretching, 1730cm-1 and 1703 cm-1 denotes
the carbonyl stretching, 1597cm-1 and 1531cm-1
corresponds to the vibrations of NH stretching,
1413 cm-1 implies the vibrations of CH stretching
and 1221cm -1 and 1104 cm -1 denotes the CO
stretch corresponding to alcohol group (Balaji
et al. 2016). In our work, incorporation of amla
oil into the polyurethane matrix resulted in the
decrease of the intensity of peaks for the PU/
amla oil composite. This clearly indicates the
formation of strong hydrogen bond between
the CH and CO found in the amla oil and
polyurethane (Unnithan et al. 2012). Moreover,
a clean confirmation of their interaction was
observed through the shift in the peak position.
The CH stretch in pure PU from 2939 cm-1 to
2925 cm-1 in PU/amla oil nanocomposites which
indicates that the PU matrix have amla oil
constituents (Tijing et al. 2012).
The water wettability results for electrospun
PU and PU/amla oil nanocomposites were
measured through VCA optima contact angle
measurements. The results indicated that PU
membrane exhibited water contact angle of
100° ± 0.5774 whereas electrospun PU/amla oil
nanocomposite showed an angle of 116° ± 1.528
respectively. Hence, the incorporation of amla oil
decreases the wetting behavior of PU. Jansen et
al. 2005 suggested that the hydrophobic surface
might absorb more proteins which results in the
enhanced healing of bone defects. Hence, the
newly developed electrospun nanocomposites

showed hydrophobic behavior which might
favor enhanced absorption of proteins for the
healing of bone defects.
The thermal analysis of electrospun PU, PU/
amla oil nanocomposites were displayed in Figure
4a and 4b. It was observed that PU membrane
shows initial degradation temperature at 276°C
and it was slightly shifted to 274° in electrospun
PU/amla oil nanocomposites. Hence, the
thermal stability of the PU membrane does not
change significantly with the incorporation of
amla oil. At 1000°C, the PU was showed less
weight residue percentage than the electrospun
nanocomposite. The weight residue percentage
for PU was found to be only 0.47%, while the
electrospun PU/amla oil nanocomposites, it
was increased to 0.91% indicating an interaction
between PU with amla oil. Further, the DTG curve
of PU and PU/amla oil nanocomposites were
displayed in Figure 5a and 5b. Electrospun PU
membrane depicted three weight loss curve in
first weight loss begins at 223°C to 348°C, the
second loss occurs at 348°C to 446°C and the
final loss seen at 557°C to 684°C. In the case
of PU/amla oil nanocomposites, it showed two
weight loss curve in which the initial weight
begins at 211°C to 356°C and the second loss
begins at 356°C to 508°C respectively. In PU/
amla oil nanocomposites, the number of
weight loss peaks were decreased compared
to the pristine PU indicating an interaction
between amla oil and polyurethane matrix. This
interaction confirms the incorporation of amla
oil in the polymer matrix thereby reducing the
weight loss peaks observed in the polyurethane.
The AFM images of the electrospun PU and
PU/amla oil nanocomposites were indicated
in Figure 6a and 6b. AFM measurements of
the electrospun PU/amla oil nanocomposites
revealed that mean surface roughness was
increased than the pure PU membrane. The
measured roughness of the PU membrane was
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Figure 3. IR spectrum of (a) PU membrane (b) PU/Amla oil nanocomposites.

observed to be 313 nm, while the electrospun
PU/amla oil nanocomposites showed average
surface roughness of 603 nm respectively. The
AFM measurements revealed that the fabricated
nanocomposites showed rougher surfaces
than the pristine PU because of active amla oil
constituents present in the amla oil. Nikpour
et al. 2012 prepared a nanocomposite for
medical engineering comprising hydroxyapatite
and chitosan materials and observed that
the addition of hydroxyapatite into chitosan
membrane favored the increase in the surface
roughness and our fabricated composites which
correlates with their observations.
The tensile strength of the electrospun PU
and PU/amla oil nanofibrous membranes were
shown in Figure S7. It is found that the tensile
strength for pristine PU was increased with the
addition of amla oil nanofibers. The pristine PU
showed a tensile strength of 7.12 MPa, while the
electrospun PU/amla oil composites showed a
tensile strength of 16.1 MPa respectively. Several
studies have reported that the smaller diameters
have favored the enhanced tensile strength
(Jeon et al. 2008, Wong et al. 2008, Qian et al.
2014). In our study, the electrospun PU/amla oil
composite showed smaller fiber diameter which

might be ascribed for its enhanced tensile
strength.
The blood clotting time of electrospun
PU and PU/amla oil nanocomposites were
measured through APTT and PT assay as
indicated in Figures S8 and S9. The coagulation
assay showed the blood clotting time of the
electrospun nanocomposites was observed to
be prolonged than the control. The prolonged
blood clotting time was due to the presence of
amla oil in the PU matrix. In APTT assay, the PU
membrane showed blood clotting time of 175.3 ±
4.041 s, while blood clotting time of electrospun
PU/amla oil nanocomposites was observed to
be 187.7 ± 6.110 respectively. Similarly, in APTT
assay, the PU membrane showed blood clotting
time of 76.33 ± 2.517 s, while blood clotting time
of electrospun PU/amla oil nanocomposites
was observed to be 83.33 ± 1.528 s respectively.
Further, hemolysis assay was carried out for the
fabricated membranes to analyze their safety
to RBCs. It was observed that the hemolytic
percentage of PU membrane was observed
to 2.48%, while for the electrospun PU/amla
oil nanocomposites, it was found to 1.63%
respectively as denoted in Figure S10. The results
clearly indicate that the electrospun PU/amla
oil nanocomposites exhibited improved safety
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Figure 4. TGA analysis of (a) PU membrane (b) PU/Amla oil nanocomposites.

Figure 5. Weight residue percentage of (a) PU membrane (b) PU/Amla oil
nanocomposites.

Figure 6. AFM images of (a) PU membrane (b) PU/Amla oil nanocomposites.

to RBC. The developed nanocomposites were
classified as a non-hemolytic material because
the displayed hemolytic index was observed to
be below 2% (Balaji et al. 2016). Milleret et al.
2012 electrospun scaffolds utilizing Degarapol
and PLGA and studied the influence of fiber
diameter on blood clotting on electrospun
scaffolds comprising Degarapol and PLGA. It was

reported that the scaffolds with smaller fiber
diameter showed delayed blood clotting and
in our study, the developed nanocomposites
showed enhanced blood compatibility which
might have influenced the enhanced blood
compatibility.
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CONCLUSION

DHANDAYUTHAPANI B, YOSHIDA Y, MAEKAWA T & KUMAR
DS. 2011. Polymeric scaffolds in tissue engineering

In this research, the PU scaffold incorporated with
amla oil was fabricated using electrospinning
technique. The SEM analysis revealed that the
fabricated PU and blended nanocomposites
showed smooth fibers without any beads
defects. The fabricated nanocomposites showed
reduced fiber diameter than the pristine
PU. The FTIR and TGA analysis revealed the
existence of amla oil in the PU matrix. The
contact angle results revealed the decreased
wettability of the prepared nanocomposites
compared to the pure PU. The addition of amla
oil into the PU matrix improved the surface
roughness and the anticoagulant behavior. The
developed nanocomposites exhibited excellent
physicochemical and blood compatibility
properties. However, further studies involving
the in vitro biodegradation of the fabricated
composite, the cytotoxic behavior and in vivo
bone formation are essential to assess the
application of the PU-based nanocomposites in
bone tissue engineering
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