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Abstract

Nanofiber has become one of tissue engineering examples and has extensive application on medical field, particularly as a wound
healing and wound dressing. In this research, nanofiber composite based on polycaprolactone and collagen was successfully
obtained via electrospinning process and further developed as host of naproxen as anti-inflammatory agents. Addition of copper
ferrite (CuFe,0,) nanoparticles on the nanocomposite becomes an advance part on this study to control of naproxen release.
Several characterizations were furnished to prove the design composite nanofiber and its drug release analysis performed to find
out the kinetic model and naproxen release mechanism from nanofibers. CuFe,O, nanoparticles have potential to be used to
control naproxen release in nanofiber that lead to decrease level of drug released, where mostly follow the Korsmeyer-Peppas
model. The release of naproxen was certainly influenced by pH value, in which the drug was easier to release on base, instead of
acid or neutral condition. Varied naproxen and nanoparticle compositions were prepared to reach optimum formulation of the

release. This study provides fundamental data for the effect of magnetic nanoparticle on drug release process.

Keywords Nanofiber - Drug delivery system - Magnetic nanoparticle - Naproxen - Kinetic of drug release

1 Introduction

Controlled drug delivery is one of the most investigated research
due to the advantages compared with the conventional dosage
forms such as enhanced therapeutic efficacy and reduced toxicity
by delivering drugs at a controlled release rate [1]. From those
aspects, innovation design of material for excellent delivery
agent became a crucial part to be considered, where it must be
good in protecting the drug inside, biodegradable, and perform
controllable release. Some drug-delivering agents have been re-
ported on various nanomaterial forms including nanoparticles [2,
3], cast films [4, 5], and nanofibers. Nanofibers have performed
to be an efficient system on providing sustained release of drug
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compared the others [6]. Electrospinning was recently a common
way of preparing nanofiber and reached potential applications on
filtration, protective dressing, and biological applications (tissue
engineering scaffolds and drug delivery devices) [4, 7].
Compared on its potential applications, drug delivery emerged
as its most promising application. The high loading capacity,
high encapsulation efficiency, simultaneous delivery of diverse
therapies, ease of operation, and cost-effectiveness are appealing
features for electrospinning used in drug delivery [3, 5].

The simple process in preparing nanofiber via electrospinning
is also supported by other advantages like cost-effective, versatile
process along with non-toxic degradation in the body and
sustained release of encapsulated drugs [8, 9]. Thus, the
electrospinning process is a promising technique for many bio-
medical applications. In particular, composite nanofiber of
polycaprolactone (PCL)/collagen was reported as great candi-
date for tissue engineering applications [10]. PCL is a semi-
crystalline polymer with hydrophobic properties and high mo-
lecular weight [1]. PCL is largely used for tissue scaffolding,
drug delivery, and guided bone regeneration [8, 11]. PCL has
also good mechanical properties and slow degradability [9, 10].

In order to obtain multi-purpose nanofiber, techniques have
been developed by load one or more of active agents on
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nanofiber, like growth factors [12], vitamins [13], proteins
[14], genes [15], nanoparticles [16], natural compounds [17],
anticancer [18], and antibacterial, to encourage healing pro-
cesses [9, 19]. On most of above purposes, nanofiber acted as
vessel for delivering or transferring those active agents.
Therefore, combining magnetic nanoparticle on nanofiber
can be envisaged as one of intriguing ways on design of con-
trollable nanofiber. It was well-documented on several reports
that combination of spinel ferrite nanoparticle on nanofiber
gave magnetic-response effect of the fiber [16—18].
However, utilization of spinel ferrite nanoparticle on expedites
drug leaching from nanofiber was not much explored.
Recently, Haroosh and Dong [8] reported new drug delivery
system for tetracycline hydrochloride (TCH) antibiotic from
nanofibrous membranes based on PLA/PCL incorporated
with magnetite (Fe;O,4) nanoparticles as member of spinel
ferrite, where these nanoparticles serve as controller for
TCH release from nanofibers. Unfortunately, the studies on
combining nanofiber with spinel ferrite were mostly using
Fe or magnetite-based nanomaterial.

In this study, we deal on incorporating copper ferrite
(CuFe,04) nanoparticles onto PCL/collagen nanofiber.
Copper ferrite has attracted an increasing interest as nanocom-
posite because of its good biocompatibility, large surface
areas, super strong paramagnetic properties, low toxicity,
and high adsorption ability [20]. Those reasons made this kind
of spinel ferrite applied as antibacterial [21], catalyst [22],
sensor [23], and cancer therapy [24]. The composited nanofi-
ber will further load naproxen. Naproxen is one of non-
steroidal anti-inflammatory drugs with analgesic and antipy-
retic properties, and widely used for the treatment of osteoar-
thritis, rheumatoid osteoarthritis, and acute pain in musculo-
skeletal disorders [25]. The addition of naproxen as drug ma-
terial is used to treat inflammation and pain of wound areas for
wound healing application. The effect of CuFe,0,4 nanoparti-
cle and the role of naproxen release are the main parts of this
study that are never been explored before. The aim of the
controlled release system on drug containing nanofiber is to
maintain drug concentration in the blood or target tissue at
desired value as long as possible, so as to exert control dura-
tion and drug release rate. Generally, controlled release sys-
tems initially release part of drug doses contained to achieve
effective therapeutic of drug concentrations. The drug release
kinetics follows rules that have been defined to supply the
drug dosage requirements needed to attain the desired drug
concentration [26]. Therefore, beside to investigate effects of
CuFe,O,4 nanoparticles addition on morphology, structure,
and cytotoxicity, this paper also focused to investigate drug
release profile of naproxen from PCL/collagen nanofibers.
The investigation of PCL/collagen blended with CuFe,Oy4
nanoparticles may create new drug delivery system, which
enables to directly deliver drugs to the targeted area of the
body using external magnetic field.

2 Experimental

Materials PCL with average molecular weights (Mw) of
80.000 g.molfl, NaOH, chloroform, acetone, benzyl ether,
oleylamine, copper(Il) acetylacetonate and iron(III) acetylac-
etonate, and sodium naproxen were purchased from Sigma-
Aldrich, USA. Bovine collagen was purchased from commer-
cial products of Gelita, Brazil. For medium of buffer solutions
(pH 4 and pH 9), phosphate-buffered saline (PBS) was pur-
chased from Merck, Germany. All of chemicals were directly
used without particular purification.

Synthesis of CuFe,0, Nanoparticles The preparation of
CuFe,0, nanoparticles was adopt from previous report, with
some modifications [27]. Experimentally, about 2 mmol of
Fe(acac), and 1 mmol of Cu(acac), were mixed with 15 mL
benzyl ether and 15 mL oleylamine. This material mixture
was heated and stirred at a temperature of 270 °C for 2 h.
After cooled on room temperature, the obtained nanoparticle
was then washed with ethanol 90% and separated from the
supernatant using centrifugation for 25 min at 4000 rpm.

Preparation of Dope Solutions The varied dope solution was
prepared by dissolving PCL, collagen, and other components
following Table 1. Pointy for regular dope solution, PCL 30%
(w/v) was dissolved in chloroform at room temperature and
bovine collagen 20% (w/v) was dissolved in water at the same
room temperature with PCL. Both of these polymer solutions
are further blended with addition of acetone to form a single-
phase solution. The blended polymers were stirred for 1 h until
homogenous solutions are obtained. About 20% (w/v) of
naproxen solution on NaOH 0.1 N was then added into blend-
ed solutions following with stirred process for 1 h. After
naproxen addition, CuFe,0,4 nanoparticles were added into
dope solutions and continually stirred for 1 h.

Electrospinning Process The dope solutions were transferred
into 10 mL syringe equipped with 21 G metallic needle with
inner diameter of 0.80 mm. The parameters were set with flow
rate of polymer solutions at 0.01 pL/h for 3 h, and using drum
collector. The electrospinning process was carried out under
ambient conditions with 25 °C of temperature and relative
humidity about 63%. The electrospinning high voltage was
set at 26 kV. Drum collector covered with aluminum foil
was placed 10 cm from the needle tip. On this study, several
compositions of nanofiber were prepared with dope solution
following Table 1.

In Vitro Drug Release and Kinetic Analysis On this analysis,
dried nanofiber samples were prepared with adjusted shape
and weight. The samples were transferred to dialyzed tube
(MWCO 15,000 kDa, Orange Inc.) and further immersed in
100 mL of DI water placed in a beaker and set above a
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Table 1 Varied composition

of dope solution prepared Nanofiber sample Polycaprolactone ~ Collagen =~ Naproxen  CuFe,O4
for nanofiber (%) (%) (%) (mg)
Polycaprolactone (PCL) 30 0 0 0
Polycaprolactone-collagen (PC) 30 20 0
Polycaprolactone-collagen-naproxen (PCN) 30 20 20
Polycaprolactone-collagen-naproxen-with 2.5 30 20 20 2.5
of CuFe,0, (PCNM 2.5)
Polycaprolactone-collagen-naproxen-with 7.5 30 20 20 7.5
of CuFe,O4 (PCNM 7.5)
Polycaprolactone-collagen-naproxen-with 12.5 30 20 20 12.5

of CuFe,O4 (PCNM 12.5)

magnetic stirrer, without using a spin bar, to give magnetic
induction on the samples. At certain times, 1 mL of sample
solutions was taken from the beaker glass and further mea-
sured with UV-Vis spectrophotometer (Shimadzu 1800,
Japan) to determine the naproxen concentration by comparing
maximum wavelength of naproxen (330.5 nm) with calibra-
tion curve. The total DI water in this system was maintained
by adding fresh DI water after taking sample solution, and the
actual concentration is determined by following equation [28].

V -
Cr=Cnty 2 G (1)

where C, is the corrected concentration at time ¢, Cm is the
measured concentration at time ¢, v is the volume of the ali-
quots taken, and V'is the total volume of the buffer (100 mL).
The calibration curve will be used to calculate cumulative
release of naproxen into water medium from nanofibers. The
pH effect on naproxen release and kinetic parameter results
were also observed using above step with modifying pH value
of DI water and time variation.

For kinetic study, there are four drug release models used,
the equation is showed below, with kinetic parameter obtained
by regression using Microsoft Excel software.

Zero order : Q = Q,—Kt (2)

First order : logQ = logQ,—K¢/2.303 (3)
1

Higuchi : logQ = Elogt + logKy 4)

t

M
Krosmeyer—Peppas : log (M > = nlogt + log KKP  (5)

where Qg and Q are the loaded naproxen content and
naproxen released from nanofibers after time 7, respectively.
Ko, K, Ky, and Kip confirm to the constant parameters of
zero order, first order, Higuchi, and Korsmeyer-Peppas equa-
tions, respectively. Mt/M_ is the fraction of released naproxen
at time ¢, and n confirms the diffusional coefficient [29].
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Cytotoxicity Evaluation This observation was firstly carried
out by culturing HeLa cells on Eagle’s minimum essential
medium (EMEM) supplemented with L-glutamine, antibiotic
antimycotic formulation, and fetal bovine serum. On the eval-
uation step, cells were seeded in a six-well plate containing
adjusted shape nanofiber with 2 mL of culturing medium, then
incubated for 24 h cells. After those treatments, the cells were
washed three times with PBS and added with 1 mL of MTT
solution (0.1 mg/mL) followed by incubation of the treated
cells for 4 h at 37 °C. Then, the resulted formazan dyes were
dissolved by DMSO solution and quantified by using ELISA
reader at a wavelength of 570 nm [30].

Characterizations The XRD measurements were performed
by Bruker Discover 8 Advance Diffractometer (Germany)
with Cu-Ko radiation (A =1.5406 A) and scanning rate of
about 0.05°/s. XRD data was collected in the range of 260 from
5° to 65°. Size and zeta potential of CuFe,O,4 nanoparticles
were measured by dynamic light scattering (DLS, Nano-
Zetasizer-HT, Malvern, UK). Samples of transmission elec-
tron microscopy (TEM, JEOL 3010, Japan) were prepared
with layering of CuFe,O4 solution onto copper grids (200-
mesh) dried to remove its organic solvent. The hysteresis loop
of CuFe,0,4 was performed from vibrational sample magne-
tometer (VSM, Lake Shore Cyrotronic, USA) at room tem-
perature in a magnetic field range of — 8 to + 8 kOe. Nanofiber
morphology was observed using scanning electron micro-
scope (SEM, Bruker, USA) with accelerating voltage of
20 kV and sputtered with gold film. The diameter of the fiber
was determined from SEM images using image analysis tool
by Image J software with sample sizes at least 50 fibers per
SEM micrograph. Conductivity measurements of fiber solu-
tions were carried out using conductivity meter (JP Selecta
CD-2004, Spain) at room temperature.

3 Results and Discussion

Preparation of CuFe,0, Nanoparticles The copper ferrite
nanoparticle on this study was synthesized via solvothermal
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process, wherein both Cu(acac), and Fe(acac); took part as Cu
and Fe source on the nanoparticle. The existence of benzyl
ether and oleylamine made the obtained nanoparticles become
hydrophobic nanoparticle, wherein benzyl ether acted as sol-
vent of reaction and oleylamine performed as capping ligand
for the spinel ferrite. The amine site of oleylamine creates
chemical bond leaving hydrocarbon tile as new surface on
the nanoparticle. Crystal structure observation of the obtained
nanoparticle was carried out by XRD. Figure 1a represented
the XRD pattern of synthesized copper ferrite nanoparticles
that shows presence of three peaks of 26 as highest intensity at
35.3869°, 42.9721°, and 62.6159°. These three peaks follow
JCPDF 25-0283 indicating formation of copper ferrite nano-
particles. However, the broad “hump” curve on the
diffractogram confirms amorphous region of the spinel ferrite
nanoparticle due to capping ligand on surface of each nano-
particle. In addition, improvement of XRD data can predict
particle size of nanoparticle via the Scherrer equation, where
average diameter of the copper ferrite closes to 12.97 nm. The
TEM images (Fig. 1b.) clearly furnished morphological

apparent of CuFe,0, nanoparticles. On its high magnification
image (insert of Fig. 1b), the shape of resulted nanoparticles is
close to spherical crystal structure.

Further improvement on diameter size distribution was per-
formed by DLS (Fig. 2a). The DLS data complements previ-
ous observations on adjusting average size of CuFe,O4 nano-
particle with maximum on 18.75 nm. DLS data also informs
size range of nanoparticle on range 640 nm. DLS analysis
was also carried to consider the loading efficiency of the nano-
particles onto nanofibers. Figure 2b shows the hysteresis loops
of CuFe,O,4 nanoparticles as a function of the magnetic field.
The magnetization value of CuFe,O,4 nanoparticles is
80.56 emu g ' with very small coercivity value (26.5 G).
This kind of magnetic property is categorized as
superparamagnetic material as a commonly magnetic nano-
particle that has lower magnetization value than its bulk form
(less than ~92 emu g ") [31].

Preparation of Composite Nanofiber Electrospinning is the
main process in this study in preparing nanofiber. The

Fig. 1 a XRD pattern of CuFe,O,
nanoparticles compared with
standard XRD data of copper
ferrite. b TEM images of
CuFe,04 nanoparticles. Insert:
higher magnification image of red
box area

a)

Synthesized CuFe,0,
—— JCPDF 25-0283
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Fig.2 a Dynamic light scattering (DLS) data of obtained CuFe,O,4 nanoparticles. b Vibration sample magnetometer plot of nanoparticle. Insert: zoomed

plot to show its coercivity value

designed nanofiber was described on Scheme 1, in which
electrospinning will combine four components to composite
nanofiber (regarding Table 1). PCL that is commonly applied
on tissue and biomedical engineering will be the backbone of
the nanofiber due to its excellent mechanical properties,
whereas collagen can provide good conjugation between cell
tissue and the nanofiber when it is further applied on wound
healing. Even attraction between PCL and the collagen is just
mediated by physical interaction; technical process on
electrospinning will make them compact with each other be-
cause they got solvent leaving at same time [32]. It was con-
sidered to make collagen well dispersed on PCL by firstly
dissolving collagen in the water and PCL in chloroform.
These two clear solutions were further mixed by adding ace-
tone to ensure all of solvents can mix to one another. Even the

mixed solution becomes cloudy, mean collagen and PCL can-
not mix well, and there is absence of precipitation of collagen
and PCL indicating they are dispersed in the mix solution.
Moreover, naproxen acts as a drug proposed to release from
the nanofiber. This semi-polar compound can easily incorpo-
rate with both PCL and collagen via hydrogen bonding, van
der Waals, and phi-phi bonding attractions. Meanwhile, the
hydrophobic CuFe,O,4 nanoparticle will come close to PCL
to attribute magnetic responsiveness of the fiber.

The SEM analysis was next carried out to determine the
surface morphology and adjust nanofiber diameter by using
Image J software. Figure 3 shows the morphology of nanofi-
ber formation of each sample. The average diameter measure-
ment, furnished on Table 2, proves that addition of collagen,
even to naproxen and nanoparticle, results to smaller diameter

High
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Syringe < &
— |  —
] >3 g
[ | I < g
(o] =~ s
Pump I
>
Collector I
Nanofiber %
e e® ® o ° £
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Dope Solution(PC)

Naproxen

Scheme 1 Schematic image preparation of nanofiber PCNM
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compared with bare PCL. Reducing PCL viscosity after addi-
tion of collagen was major responsible for this finding. Tan
et al. (2005) reported that decreasing viscosity of polymer
solution for electrospinning will affect on reducing fiber di-
ameter [33]. Furthermore, addition of naproxen and CuFe,O,
nanoparticles into PC made the diameter become smaller. The
viscosity still be the major reason on adding those component.
In particular, addition of magnetic material also gave signifi-
cant decrease of nanofiber diameter. The conductivity inves-
tigation of nanofiber supported the above statement (Table 2),
in which addition of collagen, naproxen, and magnetic nano-
particle increases conductivity to higher values, respectively.
The addition of magnetic nanoparticles enhanced conductivity
up to 12.5 uS.cm ' and produced more electric charge that
gave more thrust of the polymer jets to reach the target during
electrospinning process. Thus, increasing these thrust effects
on the diameter of the nanofiber resulted. These conditions are
similar with addition of gold nanoparticle on the nanofiber,
where increasing electric charge by gold nanoparticles will
produce a higher repulsion force on the polymer jet, so that
the polymer jet will elongate to form a longer and more stretch
fiber structure due to the influence of the electric field [34].
The morphology of PCL nanofiber, Fig. 3, formed irregular
fiber structure, slightly contrast to PC nanofiber. While SEM
image of PCN nanofiber shows beads-formed structure, even
overall fiber is still uniform. We speculate to say that the
formation of beads-formed fibers caused drug materials ag-
gregation of naproxen added into nanofiber. The beads forma-
tion can also occur due to slow evaporation of solvents on the

Fig. 3 SEM morphology of
nanofibers: a PCL, b PC, ¢ PCN,
and d PCNM 7.5
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Table 2 Average diameter size of nanofiber (n = 50)

Nanofibers Diameter (nm)* Conductivity (uS.cm™)
PCL 1179 + 20 -

PC 878 + 35 42

PCN 898 + 42 7.7

PCNM 7.5 481 £ 12 12.5

# All data were presented as mean + SD (n = 50)

polymer jet during electrospinning process. Another factor
that may influence the beads formation is the electrical surge
affecting the elongation of polymer jet to become unstable as
well. In contrast to PCN, PCNM 7.5 shows more uniform
morphology, when it was compared with others.

On deeper morphology analyses, SEM-EDX was also car-
ried out to determine the elements contained on nanofiber,
showed in Fig. 4. The SEM-EDX analyses prove the existence
of naproxen on PCN by signaling of sodium element on the
PCN because naproxen used on this study is in salt form. The
nanofiber with the magnetic nanoparticle addition (PCNM
7.5) has also copper (Cu) and iron (Fe) elements on its
EDX, instead of carbon and oxygen element as main compo-
nents of PCL, collagen, and naproxen. In detail on comparing
each element, SEM-EDX data showed the differences by in-
creasing percentage of oxygen element in PCN and PCNM
7.5 from 23.05 to0 29.49%, whereas the percentage of carbon is
decrease. The accumulation of O element in nanofiber
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Fig. 4 SEM-EDX screening of
PCN (a) and PCNM 7.5 (b)

occurred due to the presence of copper ferrite nanoparticles,
which contribute more oxygen atoms on the nanofiber.

Naproxen Release and Kinetic Study The drug release kinetics
describes the level of drug-released concentration of a system
for a certain time. Information of drug release kinetics is need-
ed in understanding the mechanism of drug release. In this
study, four kinetics of drug release modeling were carried
out, namely zero order, first order, Higuchi, and Korsmeyer-
Peppas. These four kinetics models were used to observe the

Fig. 5 Comparison of naproxen
release from PCN (filled circle),
PCNM 2.5 (filled triangle),
PCNM 7.5 (filled square), and
PCNM 12.5 (filled diamond).
Kinetic release models for each
nanofiber performed with zero
order (red lines), first order (green
lines), Higuchi (yellow lines), and
Korsmeyer-Peppas (blue lines)
models

Cumulative Drug Release (%)

Intensity (%)

Cc 76.84
(6] 23.05
T Na 0.10

-—

A H
Intensity (%)

G 70.23
(6] 29.49

B Na 0.15
Cu 0.08
Fe 0.04

|

|

1 1

mechanism and rate of naproxen release from nanofiber mats.
Thus, it can determine the effect of CuFe,O, nanoparticles
addition against naproxen release from the nanofibers.
Kinetics parameter data of naproxen release are shown in
Fig. 5, where all of investigated nanofibers perform burst re-
lease on the first 50 min indicating accumulation of drug on
the surface of nanofiber. The release rate further decrease and
close to stable over 150 min that means the naproxen at the
inner of fiber diffuses on the polymer. Figure 5 also informs
that addition of CuFe,O,4 nanoparticle tends to inhibit release

0 50
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Table 3 The kinetic parameters
of naproxen release at neutral pH Nanofibers Kinetic rules
Zero order First order Higuchi Korsmeyer-
Peppas
PCN k=0.000413 k=0.000455 k=0.801324 k=5.357946
R*=0.019886 R*>=0.024935 R*=0.152717 R*=0.345848
n=0.110984
PCNM 2.5 k=0.000255 k=0.000267 k=0.419865 k=1.580530
R*=0.628004 R*=0.636334 R*>=0.814413 R*>=0.878070
n=0.227448
PCNM 7.5 k=0.000310 k=0.000327 k=0.500560 k=1.389688
R*>=0.662688 R*=0.673229 R*=0.879667 R*=0.952648
n=0.292045
PCNM 12.5 k=0.000210 k=0.000218 k=0.357830 k=1.268624
R*=0.389130 R*=0.395938 R*>=0.643433 R*>=0.788892
n=0.242398

of naproxen. The higher the CuFe,O,4 nanoparticle contained
on nanofiber, the less is the release of naproxen. It can be
understandable due to the nanoparticle properties that increase
the hydrophobic phase of nanofiber and the diffusion of hy-
drophilic naproxen will get obstacle from this. At the highest
nanoparticles’ component (PCNM 12.5), naproxen release
cannot perform sustained release and it can be predicted due
to the massive inhibition of the nanoparticles. However, com-
pared with PCN, the release pattern of PCNM is well ordered
and it can be confirmed from its coefficient value (R?) and k
values from Table 3. The absence of nanoparticles made nano-
fiber getting uncontrolled release process; thus, all naproxen
released before 300 min. Table 3 also explains that all of
nanofiber samples tend to follow Korsmeyer-Peppas rules,
based on its highest coefficient determination value (R).

Fig. 6 Naproxen release of 16
PCNM 7.5 at 4 (filled triangle), 7
(filled square), and 9 (filled
diamond). Kinetic release models
for each sample performed with
zero order (red lines), first order 12
(green lines), Higuchi (yellow
lines), and Korsmeyer-Peppas

10
(blue lines) models !

PCN, PCNM 2.5, PCNM 7.5, and PCNM 12.5 have R values
following Korsmeyer-Peppas model, which were 0.35, 0.89,
0.95, and 0.79, respectively. The highest R* for PCNM 7.5
also indicates it was the best composition on the nanofiber
design.

The Korsmeyer-Peppas model explained drug release from
a polymer system [35] and it was in good agreement with the
polymeric system on this study. Furthermore, the diffusion
coefficient values (n) on all of nanofiber samples were n <
0.45, which confirms the mechanism of naproxen release fol-
lowing Fickian diffusion. Fickian diffusion is a mechanism
explaining that molar flux is proportional to its concentration
gradient. In this case, naproxen release occurred due to the
swelling effect of the PCL polymer matrix. This swelling
can cause opening of pores in the entire nanofiber matrices,

Cumulative Drug Release (%)

100 150 200 250 300 350 400
t (minute)
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Table 4 The kinetic parameters

of naproxen release against varied pH value Kinetic rules
pil Zero order First order Higuchi Korsmeyer-
Peppas
4 k=0.000130 k=0.000133 k=0.209009 k=0.766647
R*=0.809471 R*>=0.813082 R*=0.930139 R*=0.920454
n=0231748
7 k=0.000310 k=0.000327 k=0.500560 k=1.389688
R*=0.662688 R*=0.673229 R*=0.879667 R*>=0.952648
n=0.292045
9 k=0.000394 k=0.000425 k=0.724654 k=6.912822
R*=0.116968 R*=0.123156 R*>=0.243998 R*=0.479947
n=0.023494

so that drug molecules will move out from fiber matrices into
a place with a lower concentration.

Application of PCNM as wound healing material compels
this nanofiber to have good stability properties under complex
organ systems and adapt to various conditions especially pH of
the human body. Therefore, the pH effects on the character of
naproxen release become important to be observed. From Fig. 6,
it can be decided that higher pH value accelerates increasing
naproxen release. PCL and collagen of nanofiber contain many
electronegative species that, on high pH, will emerge the repul-
sion of one each other resulting in pore opening of the fiber.

Moreover, the character of naproxen that also poses elec-
tronegative species makes naproxen easy to leave nanofiber
on high pH. On further discussion in Fig. 6, it can be seen that
the high pH effect makes the nanofiber getting extremely burst
release on very early time and those conditions are unwanted
for controlled release nanofiber.

The kinetic parameters of naproxen against pH values were
shown in Table 4, which explained the kinetic models
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Fig. 7 Cell viability of HeLa cell upon 24 h incubation with the
nanofibers. All of MTT data were represented with mean = SD (n=3)
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followed by each sample. From Table 2, it is also informed
that nanofiber samples tested in neutral and base media tend to
follow Korsmeyer-Peppas rules with 7 values 0 0.292045 and
0.023494, respectively. Meanwhile, the nanofiber tested in
acidic medium tends to follow Higuchi’s model, which ex-
plained the release profile of dispersed drugs in an insoluble
matrix as a diffusion process. The mechanism of drug release
following Higuchi’s model occurs through diffusion.
Higuchi’s model described the linear relationship between
drug concentration released and time root [35]. Similar with
Fickian diffusion, diffusion mechanism of Higuchi rules also
occurs due to the swelling effect of polymer matrices.

Cytotoxicity Assessment Regarding bioapplication of the fi-
ber, cytotoxicity evaluation of the nanofiber is an important
part to be investigated. Cytotoxicity test was carried out with
MTT assay to determine the percentage of HeLa cell viability.
Figure 7 shows that PC, PCN, and PCNM 7.5 nanofibers did
not decrease the cell viability (over 80%), indicating non-toxic
properties attributed on these nanofibers. These finding is in
similar agreement with previous report that claims composite
material of PCL and collagen performs good cytotoxicity [32]
and can be strong data on supporting these nanofibers for
wound healing material.

4 Conclusions

In summary, a novel drug delivery system has been success-
fully made from composite nanofiber modified with CuFe,O4
nanoparticles for controlled drug release. The addition of
naproxen and 7.5 mg of copper ferrite nanoparticles affects
the formed nanofiber with smaller diameter and controlled
release compared to its bare composition (PCL and PC nano-
fibers). The drug release kinetics model of naproxen tends to
follow the Korsmeyer-Peppas model. In drug release profile
analysis, more addition of copper ferrite nanoparticles leads to
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decrease naproxen released from the nanofiber. The results of
naproxen release showed that the percentage of naproxen had
higher release in the base medium with good cytotoxicity. The
reports showed that the nanofibers have potential to be used in
biomedical applications.
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Subject: Re: BNSC-D-18-00191 - Ad Hoc from author to Editorial Office

Thank you for your previous email. I already informed Dr Purwati to give approval by
click the link, Moreover, if on 1 week Dr Purwanti not gave her approval, it is
possible to skip her as my co-Author?

Best Regards,

Mochamad Zakki Fahmi, Ph.D GRZRE)
Assistant Professor, Departement of Chemistry
Universitas Airlangga

Phone : +62-838-32901697

Email : m.zakki.fahmi@fst.unair.ac.id
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Abegail Hular <abegail.hular@springer.com> Mon, Nov 12, 2018 at 6:07 PM
To: Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id>

Dear Dr. Zakki Fahmi,

Thank you for your email.

This is to inform you that another co-author verification letter has been sent to the mentioned email address today.
Please also note that he/she must check the spam/junk email of his/her account.

Should you have any concerns, please let me know.

Kind regards,

Abi

ABEGAIL G. HULAR (Ms)

Springer
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JEQ Assistant
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tel (within the US): (818)- 665-3733]| (818)- 665-3734
abegail.hular@springer.com
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From: em.bnsc.2025.5f323e.bb1ce94e@editorialmanager.com [mailto:em.bnsc.2025.5f323e.
bb1ce94e@editorialmanager.com] On Behalf Of Mochamad Zakki Fahmi

Sent: Monday, November 12, 2018 10:13 AM

To: Abegail Hular

Subject: BNSC-D-18-00191 - Ad Hoc from author to Editorial Office

CC: purwantipanpan@yahoo.com

Dear Editor,

| contacted Dr Purwati (with email purwatipanpan@yahoo.com) as my co-Author of the manuscript and she informed
not receive confirmation email for her approval link. Could editor resend the email? thank you

[Quoted text hidden]

Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id> Wed, Nov 14, 2018 at 9:19 AM
To: abegail.hular@springer.com

Dear Ms Hular,

We sorry to inform that our co Author (Dr. Puwanti; email puwantipanpan@yahoo.com) still
not recieve the approval link yet. For this reason, could you sent the link to her
another email namely, purwatisumorejo@gmail.com? Thank you
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Abegail Hular <abegail.hular@springer.com> Wed, Nov 14, 2018 at 2:42 PM
To: Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id>
Dear Dr. Zakki Fahmi,

Thank you for your email.

This is to inform you that I have sent the co-author verification letter to the new email address that you have
provided.

Should you have any concerns, please let me know.
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Kind regards,

Abi

ABEGAIL G. HULAR (Ms)

Springer

Journals Editorial Office (JEO)

JEO Assistant

tel (outside the US): +1-818-665-3733| +1-818-665-3734
tel (within the US): (818)- 665-3733| (818)- 665-3734
abegail.hular@springer.com
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Re: Journal recommendations for your manuscript "Kinetical Release Study of
Copper Ferrite Nanoparticle Incorporated on PCL/Collagen Nanofiber for

Naproxane Delivery"
4 messages

Submission Support <submissionsupport@springernature.com> Mon, Oct 22, 2018 at 3:30 PM
Reply-To: Submission Support <submissionsupport@springernature.com>
To: m.zakki.fahmi@fst.unair.ac.id

Dear Dr. Mochamad Zakki Fahmi,

My name is Nilima Dwivedi, and | am a Submission Editor at Springer Nature. | help authors to find the most suitable
journal for their manuscript and to get their work published.

Having looked closely at your manuscript, | think it is worth considering the following journals below. If you would like
to submit to one of these recommended journals, please reply to this email within a week and | can help you with your
submission (in most cases by automatically transferring your manuscript files and metadata to your journal of choice).

1. SN Applied Sciences (Impact factor: N/A, Open Access: optional) https://www.springer.com/
engineering/journal/42452

Comments: | recommend that you consider the Springer Nature journal SN Applied Sciences as it is an
interdisciplinary journal for the disciplines of Chemistry, Earth and Environmental Sciences, Engineering, Material
Science and Physics. SN Applied Sciences publishes quality, scientifically valid, original research papers and strives
for rapid review and publication. There are no submission costs. As with any new journal, full indexing takes some
time, but the journal will apply for indexing in 2019.

2. BioNanoScience (Impact factor: N/A, Open Access: optional) http:/link.springer.com/journal/12668
Comments: | would recommend submitting to this journal because it is a forum for a rapidly growing sphere of
research, emphasizing links among structure, properties and processes of nanoscale phenomena in biological,
biomicking and bioinspired structures and materials for a range of engineered systems.

3. AAPS PharmSciTech (Impact factor: 2.666, Open Access: optional) http://link.springer.com/journal/12249
Comments: | believe this is a great fit for your manuscript as the journal has published other similar papers including
‘Formulation and Optimization of Multiparticulate Drug Delivery System Approach for High Drug Loading'.

If you want to find out more about a journal, you can click on the link to read the Aims & Scope.

Questions?
If you have any questions or need further assistance, please email me.

With kind regards,
Nilima Dwivedi
Submission Editor
Springer Nature

On Fri, 19 Oct at 5:15 AM , M.zakki.fahmi <m.zakki.fahmi@fst.unair.ac.id> wrote:
Open in dashboard: https://transfer-desk.live.cf.private.springer.com/v2/#/confirm/FLOW-D-18-00058

Manuscript ID: FLOW-D-18-00058

Author name : Mochamad Zakki Fahmi

Author email : m.zakki.fahmi@fst.unair.ac.id

Title : Kinetical Release Study of Copper Ferrite Nanoparticle Incorporated on PCL/Collagen Nanofiber
for Naproxane Delivery

Abstract : Nanofiber has become one of tissue engineering examples and extensive application on
tmedical field, particularly as a wound healing and wound dressing. In this research, nanofiber
composite based on polycaprolactone and collagen was successfully obtained via electrospining
process and further developed as host of naproxen as antiinflammatory agents. Addition of copper
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ferrite (CuFe204) nanoparticles on the nanocomposite becomes an advance part on this study to
control of Naporxane release. Several characterizations were furnished to prove the design composite
nanofiber and its drug release analysis performed to find out the kinetic model and naproxen release
mechanism from nanofibers. CuFe204 nanoparticles have potential to be used as controlled of
naproxen release in nanofiber that lead to decrease level of drug released, where mostly follow the
Korsmeyer-Peppas model. The release of naproxen was certainly influenced by pH value, in which the
drug was easier to release on base, instead of acid or neutral condition. The varied both naproxane and
nanoparticle composition were prepared to reach optimum formulation of the release. This study
provides fundamental data for the effect of magnetic nanoparticle on drug release process.

Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id> Mon, Oct 22, 2018 at 4:10 PM
To: submissionsupport@springernature.com

Thank you very much for your advise.

Best Regards,

Mochamad Zakki Fahmi, Ph.D GRZRE)
Assistant Professor, Departement of Chemistry
Universitas Airlangga

Phone : +62-838-32901697

Email : m.zakki.fahmi@fst.unair.ac.id
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Submission Support <submissionsupport@springernature.com> Tue, Oct 23, 2018 at 12:15 PM
Reply-To: Submission Support <submissionsupport@springernature.com>
To: m.zakki.fahmi@fst.unair.ac.id

Dear Dr. Mochamad Zakki Fahmi,

Thank you for your email. In case you wish to submit to any of these manuscripts, please reply to this email and | can
help you with your submission.

Looking forward to hearing from you soon.

With kind regards,
Nilima Dwivedi
Submission Editor
Springer Nature

[Quoted text hidden]

Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id> Tue, Oct 23, 2018 at 12:38 PM
To: submissionsupport@springernature.com

Dear, I already submited the manuscript to BioNanoScience. Thank you
Best Regards,

Mochamad Zakki Fahmi, Ph.D 3RZRE)

Assistant Professor, Departement of Chemistry

Universitas Airlangga
Phone : +62-838-32901697
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BNSC-D-18-00191 - Submission Confirmation

1 message

BioNanoScience <em@editorialmanager.com> Mon, Oct 22, 2018 at 6:02 PM
Reply-To: BioNanoScience <abegail.hular@springer.com>
To: Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id>

Dear Professor Fahmi,

Thank you for submitting your manuscript,
"Kinetical Release Study of Copper Ferrite Nanoparticle Incorporated on PCL/Collagen Nanofiber for Naproxane
Delivery", to BioNanoScience

The submission id is: BNSC-D-18-00191
Please refer to this number in any future correspondence.

During the review process, you can keep track of the status of your manuscript by accessing the following web site:
https://bnsc.editorialmanager.com/

Your username is: m.zakki.fahmi@fst.unair.ac.id
If you forgot your password, you can click the 'Send Login Details' link on the EM Login page.

Springer offers authors the option of making their articles available with open access via our Open Choice
programme. We advise you to familiarise yourself with the details of Springer Open Choice in advance, to be able to
decide quickly should your paper be accepted for publication. Further information can be found at
www.springer.com/openchoice.

Alternatively, please call us at 001-630-468-7784 (outside the US)/(630)-468-7784 (within the US) anytime from
Monday to Friday.

With kind regards,

Journals Editorial Office BNSC
Springer

Now that your article will undergo the editorial and peer review process, it is the right time to think about publishing
your article as open access. With open access your article will become freely available to anyone worldwide and you
will easily comply with open access mandates. Springer's open access offering for this journal is called Open Choice
(find more information on www.springer.com/openchoice). Once your article is accepted, you will be offered the option
to publish through open access. So you might want to talk to your institution and funder now to see how payment
could be organized; for an overview of available open access funding please go to www.springer.com/oafunding.
Although for now you don't have to do anything, we would like to let you know about your upcoming options.

Recipients of this email are registered users within the Editorial Manager database for this journal. We will keep your
information on file to use in the process of submitting, evaluating and publishing a manuscript. For more information
on how we use your personal details please see our privacy policy at https://www.springernature.com/production-
privacy-policy or email dataprotection@springernature.com. If you no longer wish to receive messages from this
journal or you have questions regarding the Editorial Manager database and the publishing process, please email our
publication office, stating the journal name(s) and your email address(es):

PublicationOfficeSPI@springernature.com

In compliance with data protection regulations, please contact the publication office if you would like to have your
personal information removed from the database.


https://bnsc.editorialmanager.com/
mailto:m.zakki.fahmi@fst.unair.ac.id
http://www.springer.com/openchoice
http://www.springer.com/openchoice
http://www.springer.com/oafunding
https://www.springernature.com/production-privacy-policy
mailto:dataprotection@springernature.com
mailto:PublicationOfficeSPI@springernature.com

