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ABSTRACT
Today, many people need to use bone grafts and implants because of damage to bone tissue. Due to the stimulation of
the immune system after implantation, infection at the operation site is very common, which causes swelling and pain in
the operation area. The use of zinc oxide nanoparticles reduces infection at the operation site and reduces the patient's
need for antibiotics. In the present study, the morphology of the scaffolds was investigated by field emission scanning
electron microscope (FE-SEM). The toxicity of the samples was evaluated using MTT assay. The behavior of
nanocomposites against Escherichia coli and Staphylococcus aureus was investigated by measuring the diameter of the
growth inhibition zone. It was found that modification of scaffolds with nanoparticles caused a growth inhibition in
bacterial culture medium. It was also observed that fibroblast cells on the surface of the modified scaffolds had longer
survival than polymer scaffolds. This study showed that the addition of oxidizing nanoparticles improves the

antibacterial properties of scaffolds and cell viability and reduces scaffold toxicity.

Keywords: Hydroxyapatite, Zinc oxide, Antibacterial, Escherichia coli, Staphylococcus aureus.

1. INTRODUCTION

Polymers have been used successfully in various
medical fields such as pacemakers, heart valves, and
contact lenses. Polymers do not present good
properties and ceramics are brittle. The combination
of these two biomaterials as a new choice offers
advantages such as no stress shielding and ion
release from metal implants [1]. Polylactic acid
polymer has poor mechanical properties.
Hydroxyapatite improves the mechanical properties
of the polymer [2]. Increases in protein adhesion and
osteoblast adhesion to nano-sized ceramic particles
reported by Webster et al [3]. Zinc oxide
nanostructures have been considered by researchers
for several years due to their low cost, easy access,
biocompatibility, and ease of surface modification
due to different functional groups [4]. Zinc oxide has
higher antimicrobial activity on the pathogen
Staphylococcus aureus than other metal oxides
[5]. Zinc oxide nanoparticles can be used to improve
the mechanical and antimicrobial properties of

*: ramazani@sharif.edu

polymers including polyurethane, polylactic acid,
and polycaprolactone [6]. In 2012, Mir Hosseini et
al. Investigated the antibacterial effects of zinc oxide
on Escherichia coli and Staphylococcus aureus. The
results showed that Staphylococcus aureus was less
resistant to zinc oxide than Escherichia coli. [7]. The
aim of this study was to fabricate Poly Lactic acid/
Polycaprolactone nanocomposite scaffolds modified
with hydroxyapatite and zinc nanoparticles and to
evaluate  the  antibacterial  properties  of
nanocomposite scaffolds against two strains of
Escherichia coli and Staphylococcus aureus.

2. MATERIALS AND METHODS

2.1. Materials

Polylactic acid polymer with a molecular weight
of 182000 g/mol and Polycaprolactone polymer
with a molecular weight of 80,000 g/mol were
purchased from Sigma Aldrich. Hydroxyapatite
nanoparticles were purchased from Pardis
Pajouhan Fanavaran Yazd Company. Chloroform
and oleic acid were purchased from Merck
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Company .Zinc oxide nanoparticles with a purity
of more than 99% and a length of 35-45 nm were
purchased from Us Nanomaterials, INC.

2.2. Fabrication and Modification of polymer
scaffolds with hydroxyapatite and zinc oxide
nanoparticles:

1 wt.% of hydroxyapatite nanoparticles was
stirred with 10 ml of oleic acid on stirrer for 15
min and added to the polymer mixture. It was
placed in an ultrasonic bath for 15 min, cast and
placed under the hood for 48 h to remove the
solvent, completely. To make samples containing
zinc oxide nanoparticles, 3 wt.%, 0.1 wt.%, 0.5
wt.%, and 1 wt.% nanoparticles were added to the
composite matrix. The manufacturing steps of
zinc-containing nanocomposites were performed
according to the steps mentioned above. The
polymer matrix was prepared according to the
mentioned method.

Field emission electron microscopy was used
to examine the surface morphology. Zone of
inhibition test was performed to evaluate the
antibacterial properties. Gram-positive strains of
Staphylococcus aureus and  Gram-negative
Escherichia coli were used to evaluate the
antibacterial behavior of the samples. Samples
were placed in sterile plates with forceps. The
samples were incubated for 24 h at 37 °C. The
antibacterial activity of zinc oxide nanoparticles was
evaluated using Zone of inhibition method. MTT
test according to ISO 5-10993 was used to evaluate
the biocompatibility and survival of cells. By
measuring the absorbance by spectrophotometer at
wavelengths of 540-630 nm, the percentage of
surviving cells can be determined. This percentage is
calculated by Equation (1)
survival rate= Average absorption of

treated samples / Average absorption of

control samples (1)
Where ODs represents the optical density of
sample at the desired time and ODc¢ represents the
average optical density of the control group. This
test was performed at intervals of 1 day and 3
days. Each experiment was repeated 3 times and
the mean data were reported.

3. RESULTS AND DISCUSSION

3.1. Investigation of surface morphology of
nanocomposite

The surface of the samples is completely smooth

and no cracks were observed on the surface. In
cross-sectional images, zinc oxide nanoparticles
are needle-shaped and hydroxyapatite
nanoparticles are scattered in small cylinders in a
polymer matrix. As can be seen in the figure 1,
hydroxyapatite and zinc oxide nanoparticles are
marked with a yellow arrow in the picture.
Needle-like zinc oxide nanoparticles and tiny
cylinder-like hydroxyapatite nanoparticles are
distributed in the polymer matrix. In order to
examine nanoparticles in FESEM images and
determine the type of nanoparticle, X-ray energy
diffraction spectroscopy (EDS) was performed on
PLA-PCL-HA-1%ZnO nanocomposite.

3.2. Zone of inhibition test

In the Zone of inhibition test, it was found that the
sample containing 1% nanoparticles of zinc oxide
had the best results against two strains of gram-
positive and gram-negative bacteria. The results
showed that the growth inhibition zone of zinc
oxide nanoparticles against gram-positive bacteria
was 39.97 mm vs 17.42 mm for polymeric matrix.
These results are consistent with the results of
research conducted by various researchers
[8,9,10]. The results are given in figure 2 and
table 1.

3.3. Evaluation of biocompatibility and cell
survival: The results showed that cell viability
was lowest in the vicinity of the unmodified
composite matrix. With increasing nanoparticle
content, the survival rate was increased. By
adding hydroxyapatite nanoparticles to the
polymer matrix, the cell viability increased from
22.18% to 57.82% after 72 hours.

4. CONCLUSION

It was found that the addition of nanoparticles to
the polymer matrix improved the mechanical and
biological properties. The amount of zone of
inhibition of optimal matrix against Escherichia
coli was 38.72 £ 0.341 mm and it was 39.97 +
0.318 against S-aureus. This value was 14.79+
0.219 mm against Escherichia coli for the
polymer matrix and 17.42+ 0.320 mm against S-
aureus. These results show that the optimal matrix
has much more antibacterial properties than the
matrix without zinc oxide nanoparticles.
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Figure 2. Images of growth inhibition zone: a, b)
PLA-PCL, ¢, d) PLA-PCL-HA, e, and) ZnO
PLA-PCL-HA-1% against Escherichia coli and
Staphylococcus aureus.

Table 1. A detailed of anti-bacterial performance of
PLA-PCL, PLA-PCL-HA, PLA-PCL-HA-1%ZnO
against Escherichia coli and Staphylococcus aureus.

MIRA3 TESCAN

dry): 02/27/21 RMRC FESEM

Figure 1. Field emission scanning electron microscopic images of: a) PLA-PCLHA, b) PLA-PCL-HA-O.I%ZnO

Sample E. coli S. aureus
(mm) (mm)
PLA-PCL 14.79 17.42
PLA-PCL-HA 20.82 19.35
PLA-PCL-HA-1%Zn0O 38.72 39.97
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