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ARTICLE INFO ABSTRACT

Keywords: Electrospraying assures many advantages with taking less time and costing less relatively to the other con-
Melatonin ventional particle production methods. In this research, we investigated the encapsulation of melatonin (MEL)
Biodegradablle polymer hormone in polycaprolactone (PCL) microparticles by using electrospraying method. Morphology analysis of the
Iél;cfirospraymg produced particles completed with Scanning Electron Microscopy (SEM). SEM images demonstrated that micro-

particles of 3wt% PCL solution has the most suitable particle diameter size (2.3 *+ 0.64 pm) for melatonin
encapsulation. According to the characterization of the particles, electrospraying parameters like optimal col-
lecting distance, the flow rate of the solution and voltage of the system detected as 8 cm, 0.5 ml/h, and 10 kV
respectively. For determining the chemical bonds of scaffold Fourier-Transform Infrared Spectroscopy (FTIR)
were used and FTIR results showed that melatonin successfully loaded into PCL micro-particles. Drug release
kinetics of the melatonin loaded particles indicated that melatonin released with a burst at the beginning and
release behavior became sustainable over a period of 8 h with the encapsulation efficiency of about 73%. In
addition, both in-vitro and in-vivo studies of the graft materials also completed. Primary human osteoblasts (HOB)
cells and female Sprague Dawley rats were used in in-vitro and in-vivo studies. Test results demonstrate cell
population, and bone volume of the rats grafted with composites has remarkably increased, this caused re-
modelling in bone structure. Overall, these findings indicate that encapsulation of melatonin in the PCL particles
with electrospray method is optimum for new synthetic graft material.

1. Introduction more popular.

In recent years, the biomedical industry gravitates towards to con-

Bone grafting is a surgical procedure, which restores bone with a
material. According to their origins, they categorized as autogenous,
allogenous, xenogenous, artificial or synthetic ones [1]. Even the gold
standard is autogenous grafts; it is not always possible to obtain enough
material via the patient's own body. On the other hand, increasing the
cost of natural-origin grafts makes the synthetics and artificial grafts

trol drug delivery systems with the developed manufacturing technol-
ogies. These technologies enable to produce biocompatible and biode-
gradable micro and nano-sized particles contain different therapeutic
agents, which released in particular amounts of time [2]. The reason for
using this method is to overcome the low efficiency of delivery of drugs
in a blasting cap, which can cause denaturation in the in vivo
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environment [3]. Scientific studies indicated that polymeric particles
could be very useful for biomedical applications. These particles mostly
used as a drug delivery system, which can control the delivery of
therapeutic agents. Changing the physical properties of the polymeric
particle can affect the control mechanism of the drug delivery systems.
Methods for producing these materials include solvent extraction/eva-
poration, spray drying, and suspension/emulsion polymerization.
However, these conventional methods have some handicaps, such as
polydispersity in particle size and low drug loading efficiency [4]. Re-
cently, electrospraying technique came forward as an excellent alter-
native method for manufacturing these particles, because of the ability
to produce near-monodisperse particles with size controlled by chan-
ging parameters of the process. In addition, this technique is much
easier, faster and more economical when compared with other particle
producing methods. [5].

Electrospraying systems are based on the dynamics of electrically
charged fluids. The basic principle behind the electrospraying system is
making much smaller particles by charging droplets coming out from
the needle tip. Electrical forces overcome the force of surface tension in
the charged polymeric solution. This led to Coulomb fission of droplets,
which ends up with smaller jets [5,6].

Melatonin (N-acetyl-5-methoxytryptamine) (MEL) is a hormone,
which produced majorly by the pineal gland in the brain. Melatonin
hormone contributes to many physiological functions just like the
regulation of circadian rhythms, immunomodulation, and reproduc-
tion. Recently, the investigations of melatonin's potential benefits show
very promising results with bone-related disorders. According to these
studies, melatonin inhibits osteoclast formation and osteoclastic ac-
tivity via its free radical scavenging and anti-inflammatory actions
[7,8].

Polycaprolactone (PCL) is widely used in tissue engineering opera-
tions because of their coherent physical properties. Polymeric scaffolds
are the optimal environment for supporting mechanically robust, cell
growth and undergo controlled biodegradation. PCL is exceptionally
cheap biomaterial when compared with other biodegradable polymers
and it has a slow degradation rate, and desirable mechanical properties
[9]. The reason for using PCL instead of ceramics is obtaining better
results for sustained releasing scaffolds. Polymeric materials are much
more comprehensive due to growth factors, minerals, cells, and ions,
which would improve and expedite functional bone or cartilage struc-
ture.

There is a lot of research in the literature relevant to the effects of
many key variables of electrospraying. In these studies, Poly
Lactic-co-Glycolic Acid (PLGA) is the most studied polymer and most
preferred biodegradable polymer [10]. Nevertheless, in the present case
of drug delivery for orthopedic applications, a slower degrading
polymer like PCL is used. PCL is the Food and Drug Administration
(FDA) approved and very suitable for encapsulating the drug in micro
and nanoparticles. Also, it is very permeable to small drug molecules
[11,12]. During the degradation, PCL offers lesser acidic environment
[11]. Even so, there are very few studies about the fabrication of
electrosprayed PCL particles in the recent literature [13,14]. PCL gave
different characteristics to electrosprayed particles due to the com-
plexity and interrelated of every unit relevant to the process [15].

The purpose of this study was to examine bone regeneration nature
of encapsulated melatonin in PCL.

2. Materials and methods
2.1. Materials

Polycaprolactone (PCL, Mw = 80.000 g/mol) and melatonin
powder (=98% TLC) were obtained from Sigma-Aldrich (Munich,

Germany). Dichloromethane (DCM) purchased from Merck (Darmstadt,
Germany).
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2.2. Preparation of PCL/melatonin solutions

PCL was dissolved with various percentages of 1, 3, 5 and 7 wt% in
DCM. Solutions had stirred with the magnetic stirrer at ambient tem-
perature (23 °C) for 1h. After that step, 1.74 mg MEL was added se-
parately in 3 wt% PCL solution and mixed with the magnetic stirrer for
1 h. 3wt% PCL solution was selected because it is composing optimal
properties for electrospraying.

2.3. Characterization of solutions

Characterizations of solutions performed by testing viscosity, elec-
trical conductivity and density of the PCL solutions (1, 3, 5, and 7 wt%)
at room temperature (25°C). Viscosity was determined with a
Brookfield DV-E Viscometer (Brookfield Instruments, Massachusetts,
USA). Electrical conductivity measured using a Cond 3110 Set 1-
2CA101 (WTW, Weilheim in Oberbayern, Germany). Density values
obtained by a standard density bottle DIN ISO 3507-Gay-Lussac (Boru
Cam, Istanbul, Turkey).

2.4. Preparation of melatonin loaded PCL microparticles

Microparticles fabricated using a Basic System (Inovenso, Turkey)
electrospraying process (Fig. 1). As previously described, Taylor jet
could be seen in Fig. la. First, 12ml of the prepared poly-
caprolactone + melatonin (PCL + MEL) solution has pulled into 20 ml
plastic syringe. Following the experimental conditions used for elec-
trospray process: Flow rate applied by the syringe pump (IPS-12, In-
ovenso, Turkey) was 0.5ml/h and solution pumped to the needle,
which has 0.82mm outer diameter and 0.51 mm inner diameter
(Fig. 1a). Applied voltages changed between 10 and 15kV. Collector
covered with baking paper adjusted at 8 cm away from the needle. The
experiment performed in 8 h. Following that, MEL loaded PCL particles
peeled from baking paper carefully for further characterization tests.

2.5. Scanning electron microscopy (SEM) and optical microscopy

Morphology characterization of microparticles were fulfilled by
using a scanning electron microscope (SEM) (EVO® LS 10, ZEISS,
Germany) and optical microscope (BX51M, OLYMPUS, Japan) SEM
applied with an accelerating voltage of 10 kV and surfaces of the pre-
pared samples were coated with gold and palladium by using sputter
(SC7620 Mini Sputter Coater, QUANTUM, United Kingdom) at 3kV for
60 s. For investigation of particles diameter distribution, obtained SEM
images of the particles analysed by using image software (Olympus
AnalySIS, USA) and converted to excel data.

2.6. Thermal properties of the microparticles

Differential scanning calorimetry (DSC) used to determine the in-
termolecular interaction between components and extent of compat-
ibility of melatonin with PCL core and the PCL fiber-shell. The peak
values of endotherms taken as the melting temperature of the samples.
Measurements performed using a Perkin Elmer Jade DSC instrument at
a heating rate of 10°C/min under the dynamic argon atmosphere
(200 ml/min). The data was evaluated using Pyris software.
Temperature and enthalpy calibration of the instrument performed
periodically according to melting point and melting enthalpy of indium
and zinc.

2.7. Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared (FTIR) spectroscopy (Jasco 4700
Spectrometer, Easton, USA) used to determine any chemical interaction
between the polymers. The spectra recorded in the range of
400-4000cm ™' under ambient temperature (23°C). The system
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Fig. 1. (a) Close-up image of the atomization process (stable cone-jet mode) and Schematic of electrospray set-up, (b) syringe pump, (c) needle, (d) power supply, (e)

collector, (f) camera.

aligned before data collection. Samples with different percentage of
PCL and MEL loaded PCL were prepared and collected for analysis of
FTIR.

2.8. Encapsulation efficiency and drug loading

UV-Vis Absorption Spectra completed by using a UV spectra ma-
chine (UV-1280, SHIMADZU, JAPAN). Prepared particles were loaded
with MEL dropped into a phosphate buffer solution (PBS) with a 7.4 pH.
The specific amount of particle/PBS solution (3 mg/ml) centrifuged for
8h in total. Centrifuge process stopped in certain periods (15, 30, 45,
60, 120, 240, 300, 360, 420, and 480 min). After each period, the su-
pernatant taken for UV absorption spectra. For each experiment, PBS
changed with the fresh one. The encapsulation efficiency and drug
loading calculated using the following relations. The melatonin loading
in the PCL particles calculated based on Eq. (1). In addition, the drug-
loading rate calculated by using Eq. (2).

Encapsulation Efficiency (%)
_ total concentration of drug — concentration of free drug

X 100
total concentration of drug
(€Y
Drue Loading = weight of MEL in PCL particles % 100
& 8= total weight of PCL particles (2)

2.9. In vitro studies

2.9.1. In vitro biocompatibility assay
To assess the biocompatibility of PCL and MEL loaded PCL micro-
particle cell proliferation and viability assay were completed. WST-1
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(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzenedi-
sulfonate) (Roche Applied Science, Germany), was performed with a
human osteoblast cell line (HOB). Electrosprayed PCL and MEL loaded
microparticles had presterilized with 30 min UV both side, were fol-
lowed by 70% ethanol sterilization for 30 min. and were set in 2%
penicillin streptomycin in PBS for 2 h. After sterilization, scaffolds pre-
saturated with Dulbecco's Modified Eagle Medium (DMEM) and this
process lasted (10% FBS and 1% penicillin streptomycin) 2 h. Briefly,
cells at the 70% confluency trypsinized seeded on to pre-sterilized and
saturated scaffolds containing 24 well plates at the density of 1 x 10*
and incubated for 24 and 72h at 37 °C in humidified air, which were
containing 5% CO5. At the end of incubation period WST-1 reagent was
added onto wells and was incubated for 2 h at dark 37 °C in 5% CO, and
absorbance was measured at 405nm by GloMax Multi + Microplate
Multimode Reader (Promega, USA) untreated cells (cells on wells
without any scaffold) were used as control and considered as 100%
viable.

2.9.2. Cell behavior on electrosprayed scaffolds

Growth and attachment of HOB cells on electrosprayed scaffolds
further investigated with fluorescence microscopy and SEM images. For
this, scaffolds were incubated with cells for 24 and 72 h were fixed with
4% paraformaldehyde (PFA) in PBS solution and were washed with 1 X
PBS 2 times. For Fluorescence microscopy nuclei of the cells are stained
with DAPI (4’,6-diamidino-2-phenylindole, AppliChem, Germany) in
the dark. After fixation and dying (scaffolds for fluorescence micro-
scopy) both samples were dehydrated via rinsing in increasing ethanol
concentrations (70, 80, 90, and 100%) and air-dried before further
investigations with SEM and fluorescence microscopy.
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Fig. 2. (a) Rat calvarium showing 3 mm sized defect in parietal bone, (b) Representative image of harvested rat calvaria (black point shows control).

2.10. In vivo studies

2.10.1. Animals

Female Sprague Dawley rats (6—10 months old), were obtained from
the Marmara University (MU) Animal Center (DEHAMER), kept under
controlled conditions of humidity (65-70%) and temperature
(22 = 2°C) and a standard light/dark (12h/12h) cycles. Rats had fed
with standard rat pellets and water ad libitum. In compliance with the
Turkish law on the use of animals in experiments, all experimental
protocols approved by the MU Animal Care and Use Committee, and the
principles and guidelines developed by the New York Academy of
Sciences followed.

2.10.2. Surgery and the experimental groups

Under ketamine and chlorpromazine anesthesia (100 mg/kg and
0.75mg/kg), a 3 cm midline incision was made on the skull and soft
tissue was elevated. Under saline irrigation, a 3 mm defect bilaterally
created on the cranium with a trephine drill (Fig. 2a.). Then the defects
were either left empty (Control group; n = 6) or filled with PCL + MEL
(Experimental group; n = 6). Skin incisions sutured, and the rats were
returned to their cages. Animals sacrificed at 4th week after im-
plantation.

2.10.3. Histomorphometry

At the end of the sacrification defect sites with surrounding bone
were harvested (Fig. 2b). The cranial bones fixed in 10% formalin and
transported to Erciyes University, Faculty of Dentistry Research La-
boratory. The bones scanned using a micro-CT system (Skyscan 1172,
Bruker, Belgium). Imaging was performed in the rotational plane at
116 pA, 86 kV for 60 min (camera pixel size: 4 um). Reconstruction had
carried outperforming a modified algorithm [16].

2.11. Statistical analysis

All statistical analysis performed with Graph Pad V 5.0 prims ana-
lysis program. Two-Way ANOVA followed by post hoc Tukey was per-
formed for in vitro studies. Analysis of different groups in in vivo studies
performed using unpaired Student's t-test was followed by Mann-
Whitney with Graph Pad Prism 7.0 software. All experiments performed
in triplicate and data were presented as mean and 95% confidence in-
terval (CI). Differences were considered significant if P < 0.05. Values
expressed as mean + S.E.M.

3. Results
3.1. Particle morphology

Figs. 3 and 4 indicated particle size and morphology, both of them
affected by the change in polymer concentration. Particle size revealed
variability between 9.13 * 2.36um and 2.30 * 0.64um by de-
creasing flow rate from 1.5ml/h to 0.5ml/h. The diameter of micro-
particles was between 2.30 and 9.13 um and these were depending on
the electrospray solutions and parameters. 3wt% PCL solution was
obtained the best shape and diameter when compared to the others
(Fig. 4d).

3.2. Thermal behavior

The DSC curves of pure MEL and PCL + MEL microspheres collec-
tively given in Fig. 5a and b respectively.

3.3. FTIR analysis

In order to detect the molecular arrangement of PCL + MEL mi-
croparticles, FTIR analysis fulfilled. Fig. 5¢ proved the FTIR spectra of
the microparticles. There was a typical PCL related infrared band
stretching was detected.

3.4. Encapsulation efficiency of melatonin loaded PCL microparticles

1.74 mg of MEL loaded microparticles dispersed in PBS buffer so-
lution (pH 7.4) for 8 h in total. The amount of released drug observed by
using UV Spectrophotometer (UV-1280, SHIMADZU, JAPAN).
Furthermore, drug loading of the particles has found 58% for the
1.74 mg of MEL used. Fig. 6¢ indicated a release profile of the mela-
tonin loaded PCL microparticles. The Higuchi and Korsmeyer-Papas
models used for the final particle formulation. The Higuchi model in-
dicated using Eq. (3) [17].

Mt = ky/t 3

In this equation, M, is the quantity of cumulative drug released at
time t, and kH is the Higuchi constant. From this equation, Higuchi
model calculated as 0.84697 which was indicated non-Fickian me-
chanisms. Korsmeyer-Peppas model applied to search circumstantial
mechanisms from the polymeric matrix and indicated by using Eq. (4)
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Fig. 3. Optical microscopy images of PCL microparticles and physical properties of the PCL solutions (a) 1 wt% PCL microparticles, (b) 3 wt% PCL microparticles, (c)
5 wt% PCL microparticles, (d) 7 wt% PCL microparticles, (e) density, viscosity and surface tension of the solutions.

[17].

M
My,

=k
(€3]
In this equation Mt/ Meo is the ratio of melatonin released at time,
t. k is the release rate constant and n is the release exponent. This
equation describes the mechanism of drug release. The release exponent
can found with Eq. (5) [17].

Mt
log| —— x 100 | = n logt X logk
og(Moo ) n log og ©)

3.5. In vitro results

Proliferation and Cell Viability of HOB cells on electrosprayed
scaffolds were investigated for 24 and 72h. Whereas viability of PCL
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and PCL + MEL samples were 93.02% and 95.30% at the day 1
(Fig. 7¢), and viabilities had changed to 95.19% and 101.9% at the day
3 (Fig. 7c.). In addition, the SEM image of the MEL loaded PCL particles
could be seen in Fig. 7e.

Cell behavior on PCL and PCL + MEL samples were observed via
fluorescent microscopy (Leica DM LB2, Leica Microsystems, Wetzlar,
Germany) and images were captured with IM50. DAPI stained cell
nuclei after 24 h and 72 h incubation with scaffolds were indicated in
Fig. 7. Cells were indicated in control, which had seeded on to glass. It
clearly indicated in the images (Fig. 7a and b) that cells attached to
samples and cell population increased with time.

Oneway Anova and Tukey analysis of control, PCL and PLC-MEL
samples had indicated no significance at the 24th h (P > 0.05). Same
tests had shown significance at 72th h for those control-PCL and con-
trol-PCL + MEL (P > 0.05), while no significance observed between
PCL and PCL + MEL (P > 0.05).
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3.6. In vivo studies

Bone volume and bone surface area/total surface area were mea-
sured histomorphometrically (Fig. 8.). When examined at the 4th week
of surgery, the bone volume of rats was grafted with PCL + MEL was
significantly (P < 0.05) elevated with respect to that of the control
group (Fig. 8b.). Additionally, graft resorption did not observe macro-
scopically in any of the PCL + MEL subjects. In accordance with the
bone volume results, bone surface area/ total surface area ratio was
greater in the polycaprolactone + melatonin (PCL + MEL) group
(Fig. 8¢.).

4. Discussion

It has discovered that the decrease in polymer concentration had
caused smaller particle diameter formation. By changing polymer
concentration between 7 and 1 wt%, smoother particles could be pro-
duced. It also understood that particle size was affected by the different
flow rate of the polymer solution, which was pumped through the
syringe pump [18]. Regular size of human capillaries is about 8 pm, for
this reason, particles size should be < 8 um for intravenous injection
[19]. It is not possible to fabricate spherical particles from a high
concentration PCL solution by electrospraying, which can be seen in
Fig. 3b. It's still not possible when reducing the solution concentration
to 10 wt%, and this condition is led to smooth PCL fibers, not particles.

When the concentration of PCL was decreased from 5 to 7 to 1-3 wt
% very fine PCL microparticles produced instead of PCL fibers. Polymer
concentration was affected most of the physical properties of PCL.
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Density, viscosity and surface tension were increased, when PCL con-
centration had increased from 1 to 7 wt% (Fig. 3). Nevertheless, elec-
trical conductivity is always zero in PCL-DCM solution [20]. All of the
experimental conditions were given in Table 1. Applied voltage also
controls as a parameter to control the morphology of electrosprayed
particles. The common opinion is increasing the applied voltage cause a
decrease in the size of micro-particles. However, there are some lower
and upper voltage limits allow a stable jet in electrospraying. For the
solutions with 1 and 3 wt% PCL concentrations, the lower voltage ap-
plied for producing more uniform PCL particles (Fig. 4) [21].

A remarkable endothermic peak was observed at 119 °C, which is
due to the melting of melatonin, indicating its crystalline structure
(Fig. 5a). The melting endotherms were observed nearly at 61 °C due to
the melting of PCL, respectively, which are inherently crystalline
polymers. This curve has no melting endotherm corresponding to
melatonin melting temperature shown in Fig. 5a. This indicates that a
fully amorphous and uniform distribution of melatonin in hydrophobic
PCL core was presented. It was notable that the homogenous distribu-
tion of melatonin in the PCL core provides a significant advantage in
the controlled and sustainable release.

Also, this application tended to produce smaller particles (Fig. 4).
The stronger electric field at higher voltages forces the conical meniscus
at the needle and this cause breaking smaller droplets as indicated in
Fig. 3. [22]. The TEM image was given in Fig. 4e had displayed a
uniform morphology of the melatonin-loaded spherical PCL core in the
inner layer, which was darker than the outer layer. A more homo-
geneous layer with light color was indicating a shell, which completely
was covering the PCL microparticles.
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Fig. 7. Fluorescent microscopy images of HOB cell post culture, HOB cell viability results after cultivation with PCL, PCL + Mel electrosprayed scaffold and SEM
image of melatonin loaded PCL particles after cell proliferation (a) Fluorescent microscopy image of 24 h HOB cell post culture, (b) Fluorescent microscopy image of
72h HOB cell post culture, (c) HOB cell viability results of 24 h cell cultured particles, HOB cell viability results of 72 h cell cultured particles, (d) SEM image of 24 h

and 72 h cell cultured PCL + MEL particles.

FTIR results had indicated an asymmetric CH2 stretching peak at
2949 cm ™, symmetric CH2 stretching peak at 2850 cm™*, carbonyl
stretching peak at 1720cm™!, C—O and C—C stretching peak at
1285cm ™! and asymmetric COC stretching peak at 1240 cm ™! were
observed [20]. The FTIR spectrum of melatonin stretching peaks were
determined at 3333.59cm™! 1625cm™! and 1210cm ™! associated
with the functional N—H stretch, C=0 and C—N respectively [23]. The
FTIR spectra of particles have proved in Fig. 5c. It is shown that PCL-
related stretching modes were consisting of every microparticle sample
including melatonin extract with compering with lower peak strengths
[24]. Absorption peaks of the samples can be seen in Table 2.

Encapsulation efficiency of the MEL loaded particles calculated as

73.39%. The Higuchi model had indicated that drug dissolution in
varied, modified polymeric release dosage forms [32]. The melatonin
was encapsulated PCL displayed a R? value of 0.992 and the n value of
Korsmeyer-Peppas model is 0.58265. This indicated that the me-
chanism was non-Fickian Diffusion [33]. In addition, drug-loading rate
of the particles could increase by using more MEL in the manufacturing
stage of the particles.

It has known that scaffold properties play an essential role in cell
growth and morphology and have a direct effect on intracellular in-
teractions. Cellular adhesion, proliferation, and spreading are im-
portant factors in cell-scaffold interaction, which effects further differ-
entiation and mineralization [34]. Cellular proliferation is important
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Fig. 8. Representative images, bone volume and distribution of bone surface area/total surface area of experimental groups. (a) Representative Micro-CT images of
experimental groups. Treatment groups include empty defects (control); defects treated with 3 wt% PCL + MEL, (b) bone volume of experimental groups. Data are

expressed as mean =+

mean *+ SEM; n = 6/8 rats/group; **P < 0.05.

Table 1
Processing parameters for fabrication of PCL microparticles.

PCL solution
flow rate (ml/h)

Fabrication
distance (cm)

PCL concentration (wt Voltage

applied (kV)

1 0.5 10 8
3 0.5 10 8
5 1.0 12 8
7 1.5 15 8

for bone healing and melatonin has known to stimulate proliferation of
those cells such as human osteoblast, bone cell 3T3L1 and pre-
adipocytes [35-39]. Hejazi and Mirzadeh had fabricated 2D PCL scaf-
folds and 3D nanofiber-microparticle blended PCL (NF/MP PCL) scaf-
folds with electrospinning and electrospraying and viability of MG-63
cell line was estimated at the day 3, 5, 7, 14, and 21 days and concluded
that NF/MP PCL scaffolds had improved cell proliferation, attachment
and spreading [40]. Kim et al. had developed polycaprolactone/poly
(lactic-co-glycolic acid) (PCL/PLGA), heparin-conjugated and heparin-

806

SEM; n = 6/8 rats/group; **P < 0.05, (c) Distribution of bone surface area/total surface area of experimental groups. Data are expressed as

dopamine conjugated PCL/PLGA scaffolds for controlled release of
bone morphogenic protein-2 (BMP-2) (BMP2/Hep/PCL/PLGA), (BMP-
’/Hep-DOPA/PCL/PLGA). In vitro cell proliferation tests were per-
formed with MG-63 (human osteosarcoma) cells at the days 1, 3, and 7
and all samples had shown over 95% increase but the highest viability
was observed for BMP-2/Hep-DOPA/PCL/PLGA at the day 7 [41]. In
another study was performed by Gupta et al. biocompatibility of poly
(-i-lactic acid)-poly(e-capro-lactone), gelatine and hydroxyapatite
scaffolds (PLACL, PLACL/Gel, PLACL/Gel/HA(blend), PLACL/Gel/HA
(sprayed) and TCP) designed by electrospinning and electrospraying
technique are tested with hFOB (human fetal osteoblastic) cell line for
5, 10, and 15 days [42]. The significant increase in viability is observed
at day 10 and 15 for the blend. At the day 15 of the sprayed scaffolds
78% and 89% viability increase is observed for PLACL/Gel/HA blend
and sprayed ones while 52% and 41% increase is observed for PLACL
and PLACL/Gel samples. Zhang et al. encapsulated melatonin into poly
(lactic-co-glycolic acid) (PLGA) microspheres and release of melatonin
[39]. Effect of microspheres on biocompatibility (in vitro at the days 1, 3
and 6) and osteogenesis were investigated with human mesenchymal
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Table 2
Typical infrared bands of PCL [25].

Position (cm ™) Vibrator Abbreviation

2949 Symmetric CH, stretching Vas(CHy) [26]
2865 Symmetric CH, stretching vs(CHy) [27]
1727 Carbonyl stretching v(C=0) [28]
1293 C—0 and C—C stretching in the crystalline ver [29]
phase

1240 Asymmetric COC stretching Vas(COC) [30]
1190 OC—O stretching v(0C—-0) [31]
1170 Symmetric COC stretching v5(COCQC) [25]
1157 C—0 and C—C stretching in the amorphous Vam [25]

phase

stem cells (hMSCs) in. 40% release of melatonin in 3 days was followed
by slow release for 25 days. PLGA-Mel microspheres had showed no
apparent effect on hMSCs proliferation but increased osteoblast differ-
entiation and ALP activity were indicated.

In the light of in-vitro cell viability and fluorescent microscopy re-
sults electrosprayed scaffolds were found biocompatible. Furthermore,
electrosprayed PCL and PCL + MEL scaffolds had shown the time-de-
pendent cellular increase. 2.45% and 7.04% and it could be concluded
that melatonin had increased cellular proliferation better than PCL.
Fluorescent microscopy images and biocompatibility results also con-
cluded, that cellular proliferation and adhesion on this scaffolds were
higher than those of PCL.

Among the different graft materials, autologous bone grafts were
considered as best materials due to their combinations of osteo-
conductive, osteoinductive and osteogenic properties [43-45]. On the
other hand, the necessity of secondary surgery causes discomfort of the
patient. Furthermore, in large defects, an extra-oral donor site is re-
quired [46]. Another important feature associated with the use of extra-
oral bones could be their resorption at the recipient site in addition to
general anesthesia and hospitalization [47,48]. In addition to these
disadvantages of autologous grafts, increasing cost of natural-origin
grafts reveals the need for cheaper and effective graft materials. In the
present data, it demonstrated the first time encapsulated melatonin
hormone was build up in PCL microparticles. Previous studies had in-
dicated, that melatonin has potential benefits in bone remodelling
[49-51]. In parallel with present study findings, melatonin had showed
wider and longer cortical bones than collagenized porcine bone in a
study [52]. Also, in a recent clinical investigation, immediate implants
were augmented with autogenous bone graft/melatonin composite
graft showed a significant gain in bone density compared with auto-
genous bone graft alone [53]. Therefore, further investigations are re-
quired to appraise the co-application of PCL and melatonin as a graft
material.

An ideal graft material should have osteoconductive, osteogenic and
osteoinductive properties in addition to biomechanical stability and
degradation within an appropriate time [54]. According to the present
study data, melatonin encapsulated PCL indicated biomechanical sta-
bility and not degraded in four weeks. Additionally, the osteoconduc-
tive properties of melatonin were shown in different studies [55,56].
Similar to those findings, in present study, it was demonstrated wide
distribution of new bone in vivo and proliferation of cells in vitro on the
material surface. Therefore, further investigations are required to ap-
praise the co-application of PCL and melatonin as a graft material.

5. Conclusion

In this study, melatonin successfully encapsulated in biodegradable
PCL microparticles by using electrospraying. Average of 2.30 um PCL
microparticles holds together with nanofibers successfully produced in
this study. The FTIR and UV spectrum characterization tests indicated
that melatonin could be released 73.39% in 8h. In vitro and in vivo

Materials Science & Engineering C 100 (2019) 798-808

findings suggest that encapsulated melatonin in PCL supports bone
remodelling. Thus, that encapsulation of melatonin in the polymer with
electrospray method is very promising for new synthetic graft material.
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