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Justification
Our aim is to fabricate a novel composition of polymer and additive in the form of
nanofibres. Polyacrylonitrile loaded with lavender oil are electrospun using electrolyte
to tailor the nanofibre morphology. Further the chemistry between PAN and the
essential components of lavender oil were studied via modelling. Biological tests such
as in-vitro cytotoxicity, in-vitro antibacterial assay and in-vitro drug release study are
extensively investigated. PAN/Lavender oil nanofibres posses cyto-compatibility,

antibacterial property, drug eluting capability and thermal stability.
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Response to Reviewers Comments

REVIEWER 1

Authors have made a considerable effort to respond to reviewers' comments and I am
pleased to recommend acceptance subject to one minor but very important point to the
readers, i.e. this work should be put into context with respect to the state-of-the-art.
Therefore, I have edited below their first paragraph and I suggest this as a mandatory
revision

Dear Reviewer, Thanks a lot for your valuable suggestions for our paper. As per your suggestion,
we have incorporated the necessary changes in the main manuscript and highlighted as well.

Various modern techniques have been employed by various researchers for the preparation of
nano-fibres like Centrifugal spinning, solution/melt blowing, pressurized gyration, template
synthesis, drawing, phase separation, Self assembly and force assembly. Though, centrifugal
spinning is a well known technique to generate homogeneous nanofibres from poorly
electrospinnable materials'>'®, but this process is limited by complex spinneret design which
leads to large differences in fibre quality and productivity but combining centrifugal motion with
another parameters like pressure can be very attractive proposition'’. On the other side,
solution/melt blowing has the capacity to form web of polymeric fibres on a large scale, but it
produces fibres in micrometer range'®'®. At the present time Electrospinning has emerged as a
efficacious and facilitating nanotechnology process for creation of seamless nanofibres of
varying morphologies from an assortment of polymers, polymer blends and composites®®*'. The
following table (Table 1) contrasts the advantages and disadvantages of electrospinning
technique with the other techniques presently employed. Formation of long, continuous fibres,
control on the fibre dimension, repeatability and scope of scaling up have provoked us for
choosing electrospinning along with its simplicity and suitability for polyacrylonitrile 2.
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Electrospinning, a feasible nanotechnology was exploited to engineer Polyacrylonitrile (PAN)
nanofibrous mats inclosing a representative hydrophobic drug like essential oil of lavender. Incorporation
of electrolytic solution (NaCl) to polymer solution enhanced the electrospinning capability and
concentration as small as 0.3% (w/w) of electrolyte resulted in significant nanofibre morphologies,
reduced average fibre diameter (88.44nm) and narrow degree of polydispersity. Dosage of drug loaded in
PAN nanofibres were varied from 12.5 to 200pg/mL and their cytotoxicity against mouse fibroblast
NIH/3T3 were studied in-vitro. The antibacterial proficiency was gauged by challenging the materials
against Staphylococcus aureus and Klebsiella pneumoniae bacteria. The PAN nanofibres exhibited
effective bactericidal property of 14-15 mm zone of inhibition in at least 8 hr and it remained unaltered
over 30 days. The in-vitro release of the drug resulted in a dual drug release profiles with initial burst as
well as the diffusion dominated release, ensuing enduring antibacterial activity. Incorporation of lavender
oil improved the thermal stability resulting in 20% residual mass at 800°C, values add to the nanofibres.
Modelling of the interactions between PAN and major antimicrobial components of lavender was
performed to understand the chemistry between the additive and polymer. Thus PAN nanofibres can be
used as a promising antibacterial material in various fields like biomedical, textile and water treatment

applications.

1. Introduction

Polymer nanofibres hold extensive potential in various
applications like electronics, optical devices, batteries and
filtration'®, due to their exclusive properties such as high surface
area-to-volume ratio, tailored fiber morphology and designed
porosity, athleticism for physical/ chemical functionalization,
drug carrying competency etc. The future scope of these
nanofibres can be envisioned in applications like protective
materials, technical textiles, medical, filtration, agriculture,
automobile, energy ', An un-ceasing demand of more reliable,
robust, consistent and cost effective nanofibres have led to the
focus of research on the current state of art',

Various modern techniques have been employed by various
researchers for the preparation of nano-fibres like Centrifugal
spinning, solution/melt blowing, pressurized gyration, template
synthesis, drawing, phase separation, Self assembly and force
assembly.
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Though, centrifugal spinning is a well known technique to
generate homogeneous nanofibres from poorly electrospinnable
materials'>"'®, but this process is limited by complex spinneret
design which leads to large differences in fibre quality and
productivity but combining centrifugal motion with another
parameters like pressure can be very attractive proposition'’. On
the other side, solution/melt blowing has the capacity to form
web of polymeric fibres on a large scale, but it produces fibres in
micrometer range'®'. At the present time Electrospinning has
emerged as a efficacious and facilitating nanotechnology process
for creation of seamless nanofibres of varying morphologies from
an assortment of polymers, polymer blends and composites?.
The following table (Table 1) contrasts the advantages and
disadvantages of electrospinning technique with the other
techniques presently employed. Formation of long, continuous
fibres, control on the fibre dimension, repeatability and scope of
scaling up have provoked us for choosing electrospinning along
with its simplicity and suitability for polyacrylonitrile 2%,

Antimicrobial resistance is a ticking time bomb which requires
swift responsiveness to safeguard the destructive scenario. The
use of antibiotic drugs like gentamycin?, ciprofloxacin®,
polymer norfloxacin®etc. to improve the antimicrobial property
in polymer is a prominent contribution and an innovative
initiative by industries to defence against bacterial colonization.
Natural products derived from plants are also known drugs for
their therapeutic benefits since antiquity. On the account of their

This journal is © The Royal Society of Chemistry [year]

[journal], [year], [vol], 00-00 | 1
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abundant availability, biocompatibility, low toxicity, green and
eco-friendly approach, recently they are widely used in number of
food, pharmaceutical, cosmetic, medicinal application

ns. They effectively inhibit wide range of microorganisms and
cause fewer side effects than synthetic antimicrobial agents in
human®*?’. The antibacterial membranes of crosslinked PVA
embedded Azadirachta indica and Curcuma longa with egg
albumin as crosslinking agent were fabriicated for wound healing
applications **. Chitosan films were blended with essential oils of
two endemic herbs Thymus moroderi or Thymus piperella. These
edible films showed antibacterial activity against several spoilage
bacteria and they further enhanced the antioxidant activity of
chitosan films %°.

Essential oil of lavender (Lavendula angustifolia) is one such
vital natural product used in aromatherapy as a holistic relaxant
and possesses carminative, antiflatulence, anticolic, and
antimicrobial properties 2’. Chitosan based lavender essential oil
films as an active food packaging materials was developed with
improved antibacterial activity, reduced solubility and water
vapour permeability*’.

Polyacrylonitrile (PAN) has been well documented as a precursor
of high quality stabilized carbon fibres due to their ladder like
structure *'. It is a significant polymeric material widely used for
manufacturing synthetic fibres for protective materials, technical
textiles, textiles, filtration membranes, agriculture, automobiles,
energy, medical etc.''. However, the strong static electricity of
PAN is prone to adsorption of dust and microbial organisms.
Hwang et al*? prepared modified montmorillonite intercalated
with PAN and reacted with AgNO3. The nanocomposite inhibited
the growth of bacteria resulting in zone of inhibition (ZOI) of
13.0-13.6 mm. PAN based activated carbon fibre supported with
nano-ZnO exhibited strong antibacterial activity against S.aureus
and E. coli **. The strong adsorbing efficacy of PAN was utilized
to adsorb silver ions and ovalbumin layer-by-layer demonstrated
excellent antibacterial activity”*. Sun et al.*> developed PAN
nanofibrous membranes in combination with amidoxime
functional group with silver nanoparticles for filtration of air or
water >

In this research work, we have utilized the therapeutic lavender
oil fabricated in an electrospun PAN nanofiber for antibacterial
and drug delivery applications. As in case of nanoparticles,
incorporation of the natural products in the form of oil eliminates
the need for precursor preparation. However, the non-polar nature
of oil challenges the electrospinning capability. Introduction of
electrolytic solution in the polymer solution overcomes the
difficulty. Although the use of electrolytes during the
electrospinning has been already reported »°, the incorporation of
electrolyte in natural oils to aid the formation of nanofibres has
not been investigated. Further, we have characterized the effects
of different concentrations of electrolytic solution on the
nanofiber morphology. The cyto—compatibility, release kinetics,
thermal stability was also explored. This is the first manuscript
modelled the chemical interactions between PAN and active
components of lavender oil which reveals functionality of PAN
matrix. The enhanced antimicrobial resistance of the nanofibres
was investigated against the most common pathogens like
Staphylococcus aureus and Klebsiella pneumoniae, which
predominantly colonize in skin and wounds and endanger to
human health. Investigation of in-vitro drug release study has
been accomplished in a buffer release medium to ensure the drug
elution capability. These nanofibres with bactericidal properties
finds promising role in biopolymers, textiles, filtration
applications such as sanitizing water supplies etc.

70

Table 1: Comparison of various electrospinning techniques

Fibre Scope|Repeatabilit| Control |Advantages|Disadvantage
manufacturing| for y on fibre s
Process scalin dimensio
gup n
Electrospinnin| Yes Yes Yes Long and Solvent
g continuous | recovery
fibres issues,
low
productivity,
jet
instability
Melt blowing | Yes Yes Yes Long and Polymer
continuous | limitations,
fibres, high| thermal
productivity| degradation
N of
free from | polymers
solvent
recovery
issues
Template No Yes Yes Easy to Complex
synthesis change process
diameter
by using
different
templates
Drawing No Yes No Simple [Discontinuous|
process process
Phase No Yes No Simple Only work
separation equipments [with selective
Required | Polymers
Self Assembly| No Yes No Easy to get | Complex
smaller process
Nanofibres
Force spinning| Yes Yes Yes Free from | Requirement
very high of high
voltage, [temperature at|
eco-friendly times

2. Experimental

2.1 Materials

Polyacrylonitrile (M,,: 150,000, Sigma Aldrich), Dimethyl
formamide (DMF, 99.5%, Sigma Aldrich), Phosphate buffer
saline (PBS, pH= 7.4, Thomas Baker), lavender oil (Lavandula

angustifolia, Bhagat Fine Chemicals, Mumbai) were used as
received. Bacterial strains of Staphylococcus aureus (MTCC-96)
and Klebsiella pneumoniae (NCIM-5432) were selected as
representative of Gram positive and Gram-negative bacteria
respectively.

2.2 Measurements

The morphology of PAN/Lavender oil nanofibres were
investigated by field emission scanning electron microscopy
(Carl Zeiss, Germany) at an accelerating voltage of 5 kV and 10
mm working distance and 20 KX magnification. The average
fiber diameter was determined from the field emission scanning
electron microscopy (FE-SEM) images using Image] software,
and around 500 fibres were analysed. Thermogravimetric analysis
(TGA, Perkin Elmer, STA 6000) at 30 °C - 800 °C (20°C/min)
were performed to assess the thermal stability after incorporation
of lavender oil in PAN nanofibres. Chemical modification of

2 | Journal Name, [year], [vol], oo—oo0

This journal is © The Royal Society of Chemistry [year]
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PAN due to blending with lavender oil was studied using Fourier
transform infrared (FTIR) spectrum. The spectrum was recorded
between 400 and 4000 cm™' at room temperature on Perkin-Elmer
Spectrum BX FTIR system **. The FTIR spectrum was recorded
for pristine PAN, lavender oil and PAN-lavender oil system.
Consistency was ensured by noting average of 60 iterations in
spectral scanning.

2.3 Electrospinning of PAN nanofibres

The clear solution of 8 wt% PAN in DMF/Lavender oil*® was
placed in 1 mL glass syringe fitted with a metallic needle of 0.45
mm inner diameter. An electrolytic solution of NaCl was added
to the polymeric solution at different concentrations (0%, 0.1%,
0.3% w/w). The syringe was fixed horizontally on the infusion
syringe pump to control the mass flow rate (Nanomate
Electrospinning, Thukral Services, India).The electrode of high
voltage power supply was clamped to the metal needle tip, and
the flat aluminium collector used as counter electrode was
grounded. The feed rate of the solution was 2.05 pL/min, the
applied voltage was 7kV, and the tip collector was placed at a
distance of 3.5 cm. Electrospun nanofibres were deposited on a
grounded stationary metal collector covered with a piece of
aluminium foil. The electrospinning apparatus was enclosed in a
Plexiglas box, and the electrospinning was carried out at 24 °C
and 45% relative humidity. The collected fibres were dried at
room temperature under the fume hood overnight and stored for
several days before their analyses®**. Different concentration of
lavender oil was added to PAN solution and their viscosity was
measured using (Brookefield Viscometer DVII) and the
optimized workable composition was used for further studies.

2.4 Molecular dynamic simulations

The molecular dynamic simulations between PAN and the active
ingredients of lavender oil like linalyl acetate and linalool were
performed using Materials Studio 6.0 software. Briefly, the
linalyl acetate, linalool molecular systems were geometrical
optimized using Forcite module and COMPASS (Condensed
Phase Optimized Molecular Potentials for Atomistic Simulation
Studies) force fields*. Atactic PAN was conformed to its
minimum energy using conformers module by random sampling
methods. A 3D cubic cell with periodic boundary conditions of
20 X 20 X 20 A comprising of 5 PAN polymer chains, 2 linalyl
acetate and 2 linalool molecules were constructed using
amorphous cell module. All the interactions studies were
performed under vacuum conditions.

2.5 Biological tests
2.5.1 Determination of antibacterial efficacy

Antibacterial assay was carried out by disk diffusion method
against Gram-positive and Gram-negative bacteria. The culture
medium of the aforementioned organisms was prepared by using
Muller Hinton Broth. A single colony of each test strain was
grown in the broth solutions for 24 h at 37 °C in a rotary shaker
(200 rpm). The bacteria were harvested by centrifugation at 4 °C
and 5000 rpm for 10 min and then adjusted to an optical density
of 0.5 at 600 nm. To 20 mL of autoclaved nutrient agar, one
hundred microliters of each bacterium to be tested was added and
the media were poured into sterilized Petri plates. The disk
shaped samples of PAN loaded with lavender oil nanofibres of
different concentrations 50 pg/mL to 200pug/mL were placed in
the Petri plates and incubated for 24 h at 37°C to record the
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lowest concentration of the compound required to inhibit the
growth of the bacteria. Each test was triplicated and the bacterial
zone of inhibition was observed after incubation period is
reported >'. The minimum inhibition concentrations (MIC) were
iiftermined by dilution agar method as mentioned by Amine et al

2.5.2 In-vitro drug release profile

The release fluid medium with pH 7.5 was prepared by dissolving

20.25 g of KH,PO, and 4.53 g of NaOH in 2500 mL of distilled

water. Lavender oil loaded PAN nanofibres were immersed in

release fluid at 37°C with stirring rate of 100 rpm. The aliquots of

release medium (2.0 mL) was withdrawn at a given time interval,

and exchanged with fresh release medium. The drug

concentration in the release medium was measured with UV-Vis

spectroscopy at wavelength of 200-220 nm. The loading amount

(LA) (%) and encapsulation efficiency (EE) (%) were calculated

through the following relationship*:

LA= Weight of lavender oil in PAN nanofibers/ Weight of

lavender loaded PAN fibers x100

EE= Weight of lavender oil in PAN nanofibers/ Weight of

lavender oil in feed x100

The calculation of corrected concentration of the lavender release

from PAN nanofibres is based on the following equation:

Co= G+zZ5G

- -

Where, C, is the corrected concentration at time t, C, is the
apparent concentration at time t, v is the volume of sample taken,
and V is the total volume of the release fluid medium. Each in-
vitro drug release was done in triplicates **.

The release of the lavender oil from the PAN matrix was fitted to
two mathematical model Higuchi and Krosmeyer Peppas model.
Higuchi model applied to release of drug from an insoluble
matrix based on Fickian Diffusion.

Q=K@®" 2
Where, Q, is the amount of drug released in time t and K is the
release constant. Drug release from polymeric systems follows
the Kromeyer Peppas model.

M,/ Moo = Kt" 3)
Where, M, / Mw is the fraction of drug released in time t, n is the
release exponent and k is the release constant.

2.5.3 In-vitro Cytotoxicity Test

Cytotoxic potential of the lavender oil was estimated by varying
the concentration from 12.5pg/mL to 200pg/mL in PAN solution.
The mouse embryonic fibroblasts cell line (NIH/3T3) was
obtained from National Centre for Cell Science (NCCS), Pune
and grown in Dulbeccos Modified Eagles Medium (DMEM)
containing 10% foetal bovine serum (FBS). The cells were
maintained at 37°C, 5% CO,, 95% air and 100% relative
humidity. The culture medium was changed twice a week and
maintenance cultures were passaged weekly.

The monolayer cells were detached with trypsin-
ethylenediaminetetraacetic acid (EDTA) to make single cell
suspensions and viable cells were counted using a hemocytometer
and diluted with DMEM medium containing 5% FBS to give
final density of 1x10° cells/mL. One hundred microlitres per well
of cell suspension were seeded into 96-well plates at plating
density of 10,000 cells/well and incubated to allow for cell
attachment at 37 °C, 5% CO,, 95% air and 100% relative

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], oo—oo0 | 3
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humidity. After 24 h, the cells were treated with serial
concentrations of the test samples. They were initially dissolved
in dimethyl sulfoxide (DMSO) and an aliquot of the sample
solution was diluted to twice the desired final maximum test
concentration with serum free medium. Additional four serial
dilutions were made to provide a total of five sample
concentrations. Aliquots of 100 pL of these different sample
dilutions were added to the appropriate wells already containing
100 pL of medium, resulting in the required final sample
concentrations. Following sample addition, the plates were
incubated for an additional 48 h at 37 °C, 5% CO,, 95% air and
100% relative humidity. The medium containing without samples
were served as control and triplicate was maintained for all
concentrations*.

The cytotoxicity test was studied by 3-[4,5-dimethylthiazol-2-
yl]2,5-diphenyltetrazolium bromide (MTT) assay. Succinate
dehydrogenase enzyme used to cleave tetrazolium ring which
converts the MTT to an insoluble purple formazan . Therefore,
the amount of insoluble formazan produced is proportional to the
number of viable cells. After 48 h of incubation, 15 pL of MTT
(5mg/mL) in PBS was added to each well and incubated at 37 °C
for 4h. The medium was then flicked off with MTT and 100 pl of
DMSO was used to solubilize the formed formazan crystals.
Further, absorbance has been measured at 570 nm using micro
plate reader. Calculation of percentage cell viability with respect
to control as follows:

Cell viability (%) = Absorbance of Test Sample / Absorbance of
control x 100

3. RESULTS AND DISCUSSION

3.1 Morphology of electrospun PAN/lavender oil Nanofibres

“y  Average Fibre Diameter- 143.43nm
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Fig. 1: FESEM images of electrospun nanofibres from 8 wt %
PAN solution with lavender oil at different concentrations of
electrolytic solution: (a) 0 wt% (b) 0.1 wt% and (c) 0.3 wt%. The
fibre diameter distributions are shown on the right

The presence of beads on strings is a common problem in the
electrospun fibers as they can disturb the unique properties of the
fibres, such as decreased specific surface area®. Beads on the
fibers appeared due to difference in voltage, feed rate and
diameter effect. From the solution properties as summarised in
Table: 2, it is observed that the solution viscosity increased with
the dosage of the lavender oil. For the aforementioned processing
parameters, the workable viscosity was for 100 pg/mL, dosage
and the morphology details of this concentration are reported
hence forth. The morphologies of electrospun nanofibres
obtained from homogenous solution of PAN and lavender oil
with addition of electrolytic solution 0%, 0.1% and 0.3% (w/w,
with respect to PAN) and the representative histograms of fibre
diameter distribution are shown in Figure 1 with maintained
processing parameters ( PAN/ Lavender- 8wt%, voltage-7kV,
feedrate-2.05ug/mL and  distance-  3.5cm).  Regular
PAN/Lavender oil nanofibres with an average fibre diameter
(AFD) of about 143.4 nm are evident from Figure 1. However,
due to the instability of the jet at the spinning tip, a few shuttle
shaped beads were found to be coalesced and cohered with
uniform nanofibres. With the addition of 0.1% electrolytic
solution the morphology of the beads showed a substantial
change with negligible decrease in AFD. The bead formation
eventually disappeared and fine nanofibres of AFD 88.55 nm was
obtained due to increase in conductivity of the solution by adding
0.3% electrolytic concentration®. Further the degree of
polydispersity of the nanofibres reduced due to the addition of
electrolytic solution. Wright et al.>’ has utilized NaCl mandrel
above the rotating collection mandrel for improved porosity in
electrospun PLLA scaffolds. Tromp et al. *" added 0.5 M NaCl
solution during the electrospinning of polysaccharides, and
observed that the jet formed from the solution was not focussed
as in the case of polymer solution without electrolyte resulting in
the deposition of fibres all over the collecting plate. Hence the
incorporation of electrolytic solution in the PAN/Lavender
solution has improved the nanofibres morphologies of PAN
blended with non-polar oil, and this suggests that the jet
instability increased in the presence of salt. Thus, the results
showed, by addition of electrolytic solution influenced bead
morphology, AFD and the degree of polydispersity of the
nanofibres due to the increase in polarity of the polymer solution.

Table 2: Summary of Solution Properties Used in the

Experiment
Dosage of oil (ug/mL) Viscosity (mPa s)
0 491.2
25 493.4
50 506.2
100 513.2
200 520.3

4 | Journal Name, [year], [vol], oo—oo

This journal is © The Royal Society of Chemistry [year]
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The FTIR spectroscopy was performed to elucidate the chemical
modifications due to addition of lavender oil to PAN (Figure 3).
In the spectrum of PAN peak at 2242 cm™ corresponds to the
2 C=N group. Further the bands at 2881 cm™ and 1461 cm’
ggorrespond to the stretching and bending vibrations of C-H bonds

.2 Thermal stability of PAN

——PAN
100 —— PAN/Lavender Oil

80

In the spectrum of lavender oil, a broad peak at 3384 cm’
60 corresponding to an O-H stretch indicate the presence of alcohol.
The strong bands related to C=0 (1727 em™") and C-O (1253 and
1127 em™) indicated the stretching of ester groups present. Bands
at 2963 and 1643 cm’! are associated with C=C stretching, while
1013, 917, 881, 690 cm™ can be assigned to C-H deformations.
20 Stretching of methyl (2921 and 2874 cm’™') and methylene groups
s0 (2963 cm’') are indicated by strong bands in the spectrum, in
addition to bending (1457 and 1373 cm™). The bands in the FTIR
o T 400 00 800 spectrum of lavender oil are same as those predicted by other
authors %!,

The results of PAN with lavender oil shows that the numbers of
ss peaks in the spectrum are reduced. The broad peak corresponding
to O-H and band associated with nitrile group is still present;
however the bands corresponding to C-H stretching of methyl
and methylene groups are affected. The strong peak at 1727 cm™!
assigned to the ester C=0O stretch observed in lavender oil
spectrum appears as short band at 1625 obscuring the peaks of
C=C. Bands associated to C-H deformations are no longer
present. Appearance of strong peak 1025 cm™’, and broad peak at
3413 ecm’™' corresponds to the primary amine and H-bonding due
to N-H stretch respectively. Thus the spectrum shows the
ss interaction between PAN and lavender oil exists and lavender oil

can be immobilized in PAN matrix.

Weight %

Temperature °C

20

Fig. 2: TGA of PAN and PAN/Lavender oil

25 Figure 2 shows the TGA curve of PAN and PAN with lavender
oil was recorded in an inert atmosphere (N,). Each sample
exhibits distinguishing thermal degradation process. The thermal
degradation curve of PAN exhibits two stage decomposition. The
first mass loss begins around 100-200°C and was associated with
nitrile oligomerization, which produces volatile products such as
NH;, HCN, CH;3CN etc., resulting in residual mass of ca. 20% 8,
The second stage degradation occurs around 270-300°C and was
allied with the thermal degradation reaction of the polymer
resulting in mass loss of ca. 10% and the final degradation occurs
around 790°C. The TGA curves of the PAN/Lavender reveals
four thermal degradation steps. The first step occurs in low
temperature region (100-150°C) and second, third and fourth
stages mass loss occurs around 150-310 °C, 310-470 °C and 470-
800°C resulting in a residual weight % of ca. 20%. This indicates
that the physisorbed or immobilized lavender oil in the PAN
possibly fills the amorphous domains of the polymers and thereby
increasing the residual masses compared to pristine PAN. Thus
the thermal destruction of the PAN nanofibres has been
significantly improved by the immobilization of lavender oil.

45

3.3 FTIR analysis

9

S

3

S

3.4 Modelling studies: Interactions of PAN and
Lavender oil components
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Fig. 3: FTIR spectrum of PAN, Lavender oil and PAN/Lavender
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Fig. 4: Geometrically optimised molecules (a) Linalyl acetate (b)
Linalool (¢) PAN (d) Amorphous unit cell of (a),(b), (c) showing
s the interactions.

The present study envisages the interaction between the major
components of lavender oil with PAN using Materials Studio 6.0
software. Initially, the components of lavender oil, linalyl acetate
10 and linalool molecules were constructed in a linear fashion and
the geometrically optimized molecules (Figure 4(a) and (b))
resulted in total minimization energy of the system to Eryy = -
40.97 kcal/mol and Erq, = -38.57 kcal/mol respectively. The
PAN system was modelled as an ideal macromolecule of 10
repeating units in a linear atactic fashion. The macromolecules
were generated with 200 conformations and the geometrically
optimized PAN conformer with minimization of total energy
Etotal = -12.11kcal/mol was calculated as shown in Figure 4(c). A
simulated environment was created by constructing three-
20 dimensional cubic unit as shown in Figure 4(d). The interactions
between PAN and the lavender molecules yielded no bond
formation between them and minimization total energy as Etq =
-364.77 kcal/mol, however, achieves the close proximity
between PAN/ lavender molecules due to van der waal forces and
25 the electrostatic forces of attraction(Figure 4(d)). This confirms
the physisorbed or immobilized behavior of the lavender
components encapsulated in the PAN matrix without any
chemical interactions. Thus, the minimization in total energy of
PAN/lavender components to the total energies of the individual
30 molecules recommends the existence of the system and the
physisorption or immobilization of the components proposes the
functionality of the PAN matrix as a biopassive surface™.

o

3.5. Biological tests
35

3.5.1 In-vitro Antibacterial Assay

/

40

Fig. 5: In-vitro antibacterial assay against (a) Staphylococcus

aureus (b) Klebsiella pneumonia (c) SEM image of Pristine PAN

fibre cultured with bacteria (d) SEM image of PAN/ lavender oil
45 fibre with bacteria

Figure 5(a) and (b) illustrates in-vitro antibacterial activity of

50

)
P

80

PAN/Lavender oil (100 pg/mL), against the Gram-positive and
Gram-negative bacteria by exposing a clear zone of inhibition
(ZOI). PAN used as a control in the assay does not exhibit any
ZOI. PAN/Lavender oil revealed ZOI measuring ca. 14-15 mm
against both the pathogens after an incubation period of 24 h with
MIC of 100pg/ml. The ZOI remained unaltered for more than 30
days, which signifies sustained antibacterial activity of the
system. Other concentrations 12.5, 25 and 50 pg/mL were not
sufficient to inhibit the bacterial growth. Fig 5 (c) exhibits
the SEM image of the pristine PAN fiber, cultured with bacteria,
which clearly elucidates the formation of colonies on the surface
of PAN fiber. While fig 5 (d), illustrated the significant reduction
in the number of bacterial colonies on agar medium of
PAN/lavender composite fibers. The antibacterial efficacy of the
PAN/lavender fiber can be attributed to the presence of various
components in lavender oil like linalool, linalyl acetate, 1,8-
cineole, B-ocimene (usually both cis and trans), terpinen-4-ol and
camphor™. Components with phenolic structure are known to
enhance the antimicrobial activity by alkyl substitution into the
phenolic nucleus of the microorganisms. The alkylation has been
proposed to alter the aqueous and non-aqueous phases including
the bacterial phase and the formed phenoxyl radical which
interacts with the species. The presence of electronegative
compounds like acetate, aldehyde, terpenoid moieties are known
to enhance the antimicrobial activity of the parent compound.
These compounds interfere in the biological processes involving
electron transfer, protein translocation, phosphorylation steps,
and other enzyme dependent reactions and therefore inhibit the
growth of the microorganism. Their site of action appeared to be
at the phospholipids bilayer formed by the biochemical
mechanisms of the cell >,

3.5.2 Lavender loading and In-vitro

Table 3: Properties of PAN/ Lavender nanofibers

Samples Loading amount Encapsulation
(%) efficiency (%)
0.1 wt% PAN/ 8.2 25.8
Lavender
0.2 wt% PAN/ 10.4 28.4
Lavender
0.3 wt% PAN/ 13.6 324
Lavender
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Fig.6: In-vitro release study of Lavender oil from PAN film for
24h

The encapsulation efficiency and loading amount of different
concentration of lavender oil encapsulated in PAN nanofibers
were presented in Table 3. 0.3wt% lavender oil encapsulated in
PAN reveals the high loading content as 13.6%. Both loading
amount and encapsulation efficiency were increased with
increasing the lavender oil wt% in the matrix**.

To mimic the internal biological environment, the in- vitro drug
release of lavender oil from the PAN matrix was studied in a
buffer release medium (pH 7.4). The release was monitored by
UV-vis spectroscopy for 24 h at 296 nm under ambient
conditions (Figure 6). It is elucidated from fig 8.that 27% of oil
was released within 2 h which can be attributed to the initial burst
of loosely bounded oil particles to the PAN fibre surface®®. In
many cases, the initial release increases with increasing lavender
oil loading **. Further, a controlled release was observed up to 24
h, resulting in a cumulative release of 38%. The lavender oil is
physisorbed in the PAN matrix as observed in modelling studies
are released by diffusion from the core to the surrounding >*¢,
Thus, the cumulative release of lavender oil from PAN clearly
indicates the diffusion is a two-step release profile of initial burst
followed by controlled diffusion.
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Fig.7: In-vitro release data fitted to (a) Higuchi model (b)
Krosmeyer-Peppas model

The release kinetics was fitted to Higuchi and Krosmeyer Peppas
model as expressed in Figure 7. The regression coefficient values
(R?) were obtained as 0.9891 and 0.9462 while Ky = 3.286
(Figure 7b) was fitted to release kinetics. The R* values clearly
indicate the release profile of lavender oil best fits to Higuchi
model which signifies the hydrophobic drug release from an
insoluble matrix .
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3.5.3 In-vitro cytotoxicity assay
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Fig. 8: MTT Assay results of mouse fibroblast NIH/3T3 cells
exposed to lavender oil at different concentrations
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Fig. 9: MTT assay results of mouse fibroblast NIH/ 3T3 cells to
exposed to PAN blended with lavender oil at different
concentrations

70 An ideal PAN nanofiber for biomedical applications should

exhibit cytocompatibility which was ascertained through in-vitro

This journal is © The Royal Society of Chemistry [year]
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cytotoxicity tests via MTT assay. Figure 8 & 9 shows the
cytotoxicity results of the cell lines exposed to lavender oil and
PAN/lavender oil for 48 h with an increasing concentration. The
cell viability of NIH/3T3 cells after incubation in the medium
s containing various concentrations of lavender oil and PAN/
lavender oil in the range of 0- 300 and 0-200pg/mL.
PAN/lavender oil shows 90-100 % cell viability. Evan et al.”®
studied on cytotoxicity of lavender oil on human skin cells
demonstrates damage to skin membranes at concentration of
10 0.25% v/v. However in the present system, PAN nanofibres acts
as a carrier vehicle for lavender oil, and precludes cell damage
even at higher concentration of 200 pg/mL.

15 Fig.10: Photomicrograph of mouse fibroblast NIH/3T3 cell lines
after treatment with samples at concentrations of lavender oil for
48 h (a) Control (b) 12.5 pg/mL (c) 25 pg/mL (d) 50 pg/mL (e)
100 pg/mL (f) 200 pg/mL.

20 The photomicrographs of the NIH/3T3 cell lines after treatment
with control (PAN) and PAN/lavender oil samples has been
illustrated in Figure 10. Interestingly, the cell morphology
observed in control and drug loaded samples remains same and
does not exhibit a change in size or appearance of cellular

25 components or disruption in their configuration. Further, some of
the cells were found dead when PAN fibers are cultured with
200pg/mL of lavender oil. The qualitative and quantitative study
justifies the cytocompatibility of all the PAN samples with
different concentration of lavender oil.

30

4. Conclusions

The goal of this study is to develop an electrospun PAN/
lavender oil nanofibers for antibacterial applications. An increase

35 in the additive concentration of electrolytic solution of NaCl
from 0.1 to 0.3% in PAN/ Lavender oil solution leads to drastic
enhancement in the fiber morphology. A reduction in average
fiber diameter was observed from 143.4 nm to 88.55 nm with
addition of 0.3 w/w% of NaCl solution. In addition to this,
reduction in degree of polydispersity was also observed. Thus,
addition of electrolytic solution in PAN solution increased the
likelihood of incorporating therapeutic oils in nanofibres. The
modelling study confirms the biopassive nature of PAN matrix
due to physisorption behavior / immobilization of active
components of lave3nder. An improved thermal stability was
observed due to the incorporation/ immobilization of lavender oil
in PAN nanofibres, which is further confirmed by an appearance
of a strong/ broad peak at 1025 and 3413cm™ in the FT-IR
spectrum. The pharmacological studies show that 100% cell
viability was depicted till 200pg/mL reveals the non-cytotoxic
nature of therapeutic nanofibres to mouse fibroblast. The zone of
inhibition (13-14mm) was unchanged for 30 days signifies
sustained antibacterial property (MIC: 100pg/mL). The drug
release kinetics best fitted to Higuchi model and in- vitro dual
profile of the system provides 38% net release within 24hr.
Further, these nanofibers can be fabricated to advanced
morphologies like porous, core and shell, nanofibers carrying
encapsulations and sandwich morphologies using various
antimicrobial additives to enhance the sustained drug release and
antimicrobial property.
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25

Figure caption

30 Fig. 1: SEM images of electrospun nanofibres from 8 wt % PAN
solution with lavender oil at different concentrations of
electrolytic solution: (a) 0 wt% (b) 0.1 wt% and (c) 0.3 wt%. The
fibre diameter distributions are shown on the right
Fig. 2: TGA of PAN and PAN/Lavender oil

35 Fig. 3: FTIR spectrum of PAN, Lavender oil and PAN/Lavender
oil
Fig. 4: Geometrically optimised molecules (a) Linalyl acetate (b)
Linalool (c¢) PAN (d) Amorphous unit cell of (a),(b), (c) showing
the interactions.

4«0 Fig. 5: In-vitro antibacterial assay against (a) Staphylococcus
aureus (b) Klebsiella pneumonia (c¢) SEM image of Pristine PAN
fibre cultured with bacteria (d) SEM image of PAN/ lavender oil
fibre with bacteria
Fig. 6: In-vitro release study of Lavender oil from PAN film for

4524 h
Fig. 7: In-vitro relesae data fitted to (a) Higuchi Model (b)
Krosmeyer-Peppas Model
Fig.8: MTT Assay results of mouse fibrous exposed to lavender
oil at different concentrations

so Fig. 9: MTT Assay results of mouse fibrous exposed to PAN
blended with lavender oil at different concentrations
Fig. 10: Photomicrograph of NIH/3T3 cell lines after treatment
with samples at various concentrations of lavender oil for 48 h (a)
Control (b) 12.5 pg/ml (c) 25 pg/ml (d) 50 pg/ml (e) 100 pg/ml

55 (f) 200 ug/ml.
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FESEM images of electrospun nanofibres from 8 wt % PAN solution with lavender oil at different
concentrations of Fig. 1: FESEM images of electrospun nanofibres from 8 wt % PAN solution with lavender
oil at different concentrations of electrolytic solution: (a) 0 wt% (b) 0.1 wt% and (c) 0.3 wt%. The fibre
diameter distributions are shown on the right
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Geometrically optimised molecules (a) Linalyl acetate
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Geometrically optimised molecules (b) Linalool (c) PAN(b), (c) showing the interactions.
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Geometrically optimised molecules (d) Amorphous unit cell
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(c) SEM image of Pristine PAN fibre cultured with bacteria (d) SEM image of PAN/ lavender oil fibre with
bacteria
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Photomicrograph of mouse fibroblast NIH/3T3 cell lines after treatment with samples at concentrations of
lavender oil for 48 h (a) Control (b) 12.5 pg/mL (c) 25 pg/mL (d) 50 pg/mL (e) 100 ug/mL (f) 200 pg/mL.
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