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Introduction

HIS study reports the influence of zinc oxide (ZnO) on the bioactivity and antimicrobial

properties of nanohydrxoyapatite. Nanoparticles of hydroxyapatite (HA) were prepared
by a sol-gel method. The dried prepared particles were mixed with different percentages of
ZnO (25, 50 and 75% wt. %). The produced samples were characterized by fourier transform
infrared (FTIR) and X-ray diffraction (XRD), scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and energy dispersive X-ray (EDAX) techniques.
The results indicate that the pure HA is formed in nanoparticles (<100 nm) and have a
hexagonal structure. By adding different percentages of ZnO, the particles exhibit a decrease
in their size and improve the crystallinity of the parent HA. Before studying the bioactivity, the
prepared samples were immersed in simulated body fluid (SBF) solution for 14 and 45 days.
The characterization of the samples after immersion indicates that there is no change in the
structure and in the phases, while there are changes in the Ca/P ratio. The bioactivity behavior
of the pure HA and their mixed samples toward a gram-positive bacterium (Staphylococcus
aureus ATCC 29213), gram-negative bacterium (Escherichia coli ATCC 25922), yeast (Candida
albicans NRRL-Y477) and (Aspergillus niger NRC53) fungus signified that the addition of the
ZnO increased the resistance of samples against bacteria activity and did not have effects on
the fungi and yeast.
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excellent chemical, mechanical and structural

properties. Moreover, it is nontoxic materials

One of the medical fields that had been progressed
from the development of nanomedicine modules
is the orthopedic surgeries [1]. The developing
of biomaterial engineering needs to modify the
synthetic biomaterials used in this field. Among
the synthetic biomaterials, hydroxyapatite (HA)
has gained a special attention because it has

with osteoinductive properties and it has a similar
composition and structure of the bone tissue [2,3].
The improvements of the hydroxyapatite go into
two directions. The first one is preparing the HA
particles in the nano-size scale with high surface
area, this improves their stability for restoration
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of hard tissues such as bone and teeth. On other
hand, the HA nanoparticles have an excellent
adsorption properties to be used in the removing of
toxic materials such as dyes and heavy materials,
furthermore it was used as a carrier for drugs
[4]. The second improvement of HA particles is
carried out by doping or mixing with some other
cations in order to enhance the medical and the
biological properties of the HA [5]. The chemical
composition of HA consists mainly of three active
groups, namely; calcium (Ca*"), phosphate (PO ,’),
and hydroxide (OH"). The presence of such groups
leads to form different formula when mixed with
other foreign elements through the electrostatic
force or substituted with cations such as:

i) The mono valence cations such as K*, Na, the
divalent cations such as Mn*?, Ni*?, Cu*?, Co*?,
Pb*2, etc.; and the trivalence cations such as
Y*,La*3, Ce™ and A*® can be substituted with
Ca™ ions by different ratios.

ii) The carbonates of As, Si, V, Cr, etc.; can be
incorporated with the PO,*.

iii) The hydroxide group of HA can be mixed or
substituted with F-,Cl, OH- and Br anions.

However, several works were devoted to
explain the effects of the mixing ions on the
biological behavior of the parent HA [6-8]. Among
the mixing cations, special interest was focused
on the zinc (Zn*?), because its incorporation into
HA units affects on the biological processes such
as enzyme activity, nucleic acid metabolism,
mountain of membrane structure and function,
as well as biomeneralization, and pathological
classification [9]. Moreover, teeth have also
been found to contain a significant amount of
zinc, used as an indicator of environmental
explore. In this respect, few researchers found
that the incorporation of Zn™ into HA inspires
bone formation by activating the osteoblast
differentiation and decreasing the osteoclast bone
[10,11]. Thus the incorporation of Zn ions as
ZnO into HA units affects generally the physical,
chemical and biological properties of HA.

Therefore, the aim of this work was devoted
to prepare both pure HA nanoparticles and its
mixing with Zn** by using a sol-gel method to
study the effect of adding Zn** amounts on the
structure and crystallinity of HA units. This work
also extends to study the effect of adding Zn*™
on the bioactivity of HA [9,12]. The resultant
pure HA nanoparticles and ZnO mixed with HA
products were characterized by FTIR, XRD and
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SEM supplemented with EDAX.

Experimental

Preparation of the samples

Nanohydroxyapatite (HA) powders were
prepared using a sol-gel method described
elsewhere [9]. About 0.55 M of calcium hydroxide
Ca(OH), and 0.33 M of diammonium hydrogen
phosphate (NH,),HPO, as sources for calcium
and phosphorous respectively. Then, Ca(OH), and
(NH,),HPO, were separately dissolved in 500 ml
deionized water to obtain a stoichiometric molar
ratio of 1.67. The pH of the aqueous solution was
maintained at 11 by adding ammonium hydroxide
solution NH,OH [9,13-18]. A gelatinous white
precipitate was produced by a dropwise addition
of (NH,),HPO, solution to Ca(OH), solution
under vigorous stirring at 333 K for one hour. The
resultant precipitate was aged for 24 h at room
temperature and separated followed by washing
with deionized water and then dried in hot air
oven at 423 K for 10 h.

HA nanoparticles with varying amounts of
ZnO were synthesized using mixed aqueous
solutions of prepared pure HA nanoparticles
powder and ZnO. The percentage weight of ZnO
was varied in the range of: 25, 50 and 75 wt.%. The
mixture solutions of HA and ZnO were stirred for
one hour. The obtained suspensions were filtered
and dried in a hot air oven at 373 K for 5 h.

Characterization of the samples

The prepared dried samples were characterized
via different techniques to study the formed
phases and their morphologies as follows:

Fourier transform infrared spectroscopy

Fourier transform infrared absorption spectra
(FTIR) of the prepared samples were performed
by the KBr disc technique using a Fourier
transformer infrared spectrometer (Nexus 670
FTIR, USA) in the range 400 to 4000 cm™.

X-Ray diffraction

X-ray diffraction (XRD) was carried out
by using Bruker D8 advance diffractometer
(Germany) at CuKa radiation. Intensity data were
collected over the range of 26 from 10-80°.

Scanning Electron Microscopy (SEM) and Energy
Dispersive X-ray (EDAX) Analysis

To give an indication on the surface morphology
of samples, SEM coupled with energy-dispersive
X-ray spectroscopy (JEOLJXA-840 A, Electron
probe micro- analyzer, Japan) was used. Prior to
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SEM-EDAX analysis, the samples were coated
with gold to overcome the effect of sample charging
in the electron beam using a S150A Sputter Coater
System, Edwards. There preventative scanning
electron micrographs will be selected from several
images made of each specimen as a result of much
visual observation and selection of each area of the
specimen surfaces.

Transmission Electron Microscopy (TEM)

The morphology of produced powder and
the particles size were evaluated using a high
resolution transmission electron microscope (HR-
TEM; JEOL, JEM2100, Electron Microscope,
Japan).

Bioactivity tests

To study the bioactivity, 5 g of each powder
sample was soaked in 50 ml of Tris-buffered
simulated body fluid (SBF) solution, which
resembles the human blood plasma at 310K, for
14 and 45 days. The SBF was prepared according
to the recommended process by dissolving
reagent NaCl, NaHCO,, KCI, K HPO,.3H,0,
MgCL,.6H,0, CaCl, and Na SO, into deionized
water as shown in Table 1. The solution is
buffered to pH 7.4 with tris-(hydroxyl methyl)-
amino methane and hydrochloric acid. The
immersed samples were taken out after immersion
in (SBF). Their characterizations were conducted
via FTIR and SEM tools to detect the formation of
the hydroxyapatite layer at the surface during the
immersion process.

In vitro antimicrobial activity
The ability of the prepared samples to inhibit
the growth of the pathogenic microorganisms

was determined against Gram-positivebacterium
(Staphylococcus aureus ATCC 29213), Gram-
negative bacterium (Escherichia coli ATCC
25922), yeast (Candida albicans NRRL-Y477)
and fungus (Aspergillus niger NRC53) by the
agar diffusion technique.

Bacteria and yeast strains were obtained from
the American Type Culture Collection and Northern
Regional Research laboratories while the fungal
isolates were kindly obtained from the culture
collection of the Department of Chemistry of
Natural and Microbial Products, National Research
Center, Cairo, Egypt. The microorganisms were
passaged at least twice times to ensure the purity
and the viability. The bacteria were maintained on
nutrient agar medium and fungi were maintained
on potato dextrose agar (PDA) medium. About 50
mg of the prepared powder samples were applied
on the inoculated agar plates and incubated for 24 h
at 37°C for bacteria and 72 h at 28°C for fungi. The
antimicrobial effect was evaluated by measuring the
inhibition zone diameter around the samples in (mm).

Result and Discussion

Investigation of FTIR analysis

The FTIR measurements of the pure and
mixed HA with Zn*? are shown in Fig. 1 (a, b, c,
and d). The FTIR curve of the parent HA (Fig. 1a)
shows different absorption peaks which specified
the formation of HA. It is observed that there are
absorption bands at 3436 cm™! which assigned to
OH: stretching vibration and another one appeared
at 603.6 cm’'. The final peak is related also to the
OH-bending OH-(O-H) in water molecules with
HA. On the other hand, two absorption peaks

TABLE 1. The amount of different reagents for preparing the simulated body fluid.

Order reagent Amount in gram
1 NaCl 7.996
2 NaHCO, 0.350
3 KCl 0.224
4 K,HPO,.3H,0 0.228
5 MgClL,.6H,0 0.305
6 1M HCI 40 ml
7 CaCl, 0.278
8 Na,SO, 0.071
9 (CH,OH),CNH, 6.057
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appeared at 1039 and 566 cm™! corresponded to
the phosphate groups attached with the HA. For
the HA sample mixed with ZnO, the FTIR spectra
Fig 1(b, ¢ and d) show a new band at 433 cm'
attributed to the Zn-O stretching mode. As the Zn™
ratios increased the specific band of phosphate
group at 1039 cm™ is lowered. This means that
the Zn™ cations were incorporated with the HA
structure [9,19].

Investigation of XRD patterns

Figure 2 (a, b, c and d) shows the XRD patterns
of the pure HA and their corresponding HA mixed
with different percentage of ZnO. For the pure HA,
different XRD peaks at 20 = 26, 28, 32 and 35°
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which specified the monoclinic crystals according
to the JCPDS card No (76-0694c). Also, these
peaks appeared for the HA mixed with ZnO. The
intensities of these peaks increased as the ZnO
contents increased. This means that the addition
of ZnO improves the crystallinity of the HA. On
the other hand, additional peaks appeared at 20
=47, 58, 64 and 69° upon adding ZnO, as shown in
Fig. 2 (b, ¢ and d). The appearance of these peaks
affirmed the presence of ZnO according to JCPDS
No (89-0510).This finding indicate that the ZnO
particles were incorporated into the HA matrix
through the electrostatic force. These results are
in agreement with the previous works [9,19,20]
and as evident by the FTIR results also.
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Fig. 1. FTIR spectra of the prepared samples: (a) pure HA, (b) HA with 25%ZnO, (¢) HA with 50% ZnO and (d)

HA with 75% ZnO.
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Fig. 2. XRD patterns of samples: (a) pure HA (b) HA with 25%ZnO, (c) HA with 50% ZnO and (d) HA with 75%

ZnO.
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Investigation of SEM/EDAX analysis

Figure 3 (a, b, c and d) represents the SEM
examination of the prepared pure HA and the
mixed HA with different amount of ZnO. Figure
3a shows the SEM image of the pure HA. It was
found to be prepared in nanoparticle sizes (40-
100nm) and in the form of hexagonal small rods
which are coagulated with each other. Figure 3b
shows that as ZnO added to HA, the crystals of
ZnO are formed in white hard rods-like. It was
noticed that the formed HA crystals increased with
increasing the percent of ZnO contents as in Fig.

3 (c and d). These results are in agreement with
the XRD and the FTIR results [9,12]. EDAX
analysis confirmed also the presence of Ca, P, O
and Zn elements.

TEM analysis

Figure 4 (a, b, ¢ and d) show that the
nanoparticles of HA appear in rod-like having
nanometer scale dimension, with the selected area
diffraction pattern supporting their nanocrystalline
nature. When the added ZnO was mixed with HA,
there was a significant degree of agglomeration
and particles size analysis was not vigorous [21].

Fig. 3. SEM images of the prepared samples: a) HA pure, b) HA with 25%ZnO, ¢) HA with 50% ZnO and d) HA

with 75% ZnO.

Fig. 4. TEM of the prepared samples: a) HA pure, b) HA with 25%ZnO, ¢) HA with 50 % ZnO and d) HA with

75% ZnO.
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The bioactivity tests

After immersion of pure HA and mixed with
ZnO in SBF solution, the structural, crystallinity
and morphology of the different samples were
examined by using different techniques:-

FTIR spectra after immersion at different soaking
periods

After soaking for 14 days, there is no
remarkable effect appeared, except the resolution
or separation appearance of the band at 1631 cm''.
This may be due to the corrosion and leaching
effects of the material in the SBF solution as
shown in Fig. SA (a-d). Where after soaking 45
days, the growth and sharpness of the bands of
calcium phosphate at 560 and 620 cm™! appeared
and become very clear for mixing HA with 75%
of ZnO. This indicates that the immersion of the
mixed samples in the SBF exhibits slight effects
on the structure of the parent HA and it has more
biological effect when mixed with ZnO. This
effect was increased as the percentage of ZnO
increased as illustrated in Fig. SB.

Scanning electron microscope after immersion at
different soaking periods

In nonreactive plastic containers, samples
were immersed in SBF solution at different
periods of 14 and 45 days.

Figure 6A and B (a, b, ¢ and d) show the
SEM images of the pure and the mixed HA

12

Abs

with ZnO after immersion for 14 and 45 days
in SBF solutions. For pure HA, it is observed
that the particles go in formation of fine regular
shape, with decreasing in the particle size,
where it becomes 55-70 nm after immersion
for 14 days and decrease to become 32-54 nm
after immersion for 45 days (Fig. 6A).

For the samples containing ZnO, the particles
exhibit the formation of well defined boundaries
and the hexagonal form was predominated. The
particles tend to agglomerate as the percentage
of ZnO increases from 25 to 75%. This finding
indicates that the immersion has a remarkable
effect on the shape and the size of the particles
and thus infects on the structure of the samples.

EDAX analysis provides an elemental analysis
of the HA and their mixed samples with ZnO. It
is evident that Ca/P ratio was found to be affected
by increasing the ZnO content and the time of
immersion; they higher than stoichiometric value
of 1.67 for HA [i.e. Ca (PO, (OH),)]. After
14 days, the Ca/P ratio at ZnO,ZnO,, ,ZnO

and ZnO,, was 1.86, 2.12, 2.08, Z;Sd 25%/,
respectively. While after immersion for 45 days
in SBF, the Ca/P ratio was decreased into 1.54,
1.92, 2.11 and 1.72, respectively. This result
revealed a decrease in the Ca™ or an increase in
the phosphorus content. This finding concluded

that some of the Zn"?was replaced by the Ca*™.

Wavenumber {Cm™)

Fig. SA. FT-IR spectra of prepared samples after soaking in SBF for 14 days: a) HA pure, b) HA with 25% ZnO,

¢) HA with 50% ZnO and d) HA with 75% ZnO.
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Fig. 5SB. FT-IR spectra of prepared samples after soaking in SBF for 45 days: a) HA pure, b) HA with 25% ZnO,
¢) HA with 50% ZnO and d) HA with 75% ZnO.
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Fig. 6A. SEM and EDAX of prepared samples after soaking in SBF 14 days: a) HA pure, b) HA with 25% ZnO, c)
HA with 50% ZnO and d) HA with 75% ZnO.
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Fig. 6B. SEM and EDAX of prepared samples after soaking in SBF for 45 days: e) HA pure, f) HA with 25% ZnO,

g) HA with 50% ZnO and h) HA with 75% ZnO.

Antimicrobial tests

Antimicrobial results of the samples are shown
in Table 2. It was revealed that the pure HA didn’t
show any antimicrobial activity against bacteria or
fungi. While, the mixed HA with different weight
% of ZnO exhibited strong antibacterial activity
with inhibition zones ranging from 11-14 mm for
Staphylococcus aureus (gram positive) and 21-23
mm for Esherichia coli (gram negative, E.coli).
All tested samples didn’t show any activity against
fungi and yeast. It has been practically detected
that doping of zinc oxide improved the inhibition
zones against Staphylococcus aurous and E. coli
pathogens during the antimicrobial study [22, 23]
as depicted in Fig. 7.

Egypt. J. Chem. 62, Special Issue (Part 1) (2019)

To explain the antimicrobial activity of the
zinc ions, there are three main mechanisms [24].
Primary metal ions could bind to the specific
groups of the protein chains deactivating
them. Next, metal ions can interrelate with
microbial membrane and encourage structural
and permeability changes. Lastly, metal ions
could interact with microbial nucleic acids,
inhibiting microbial replication [25]. In Fig.
8, results showed that the mixed samples can
retain antimicrobial properties and hence the
prepared samples can be further used to explore
them for future use in clinical applications.
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TABLE 2. Inhibition zones on the bacterium and fungus of the prepared samples.

Inhibition zone (mm)

Sample Staphyl Candid A ill
p aphylococcus Esherichia coli al.l 1da spe.rgl us
aureus albicans niger
HA (ZnO,) Series 1 - - - -
Zn0,,,, Series 2 11 21 - -
ZnO,,, Series 3 14 22 - -
ZnO,,,, Series 4 12 23 - -
25
0
E
£
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Staphylococcus aureus Esherichia coli Condlida albicons Aspergillus niger

Fig. 7. Inhibition zone on bacterium and fungus of prepared samples: 1) HA pure, 2) HA with 25% ZnO, 3) HA
with 50% ZnO and 4) HA with 75% ZnO.

Fig. 8. Antibacterial activity of prepared samples against bacterium and fungi: 1) HA pure, 2) HA with 25% ZnO,
3) HA with 50% ZnO and 4) HA with 75% ZnO.
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Conclusions

Pure and mixed HA nanoparticles with ZnO
samples were prepared via a sol-gel method. The
obtained XRD results showed the increase in the
crystallite size of HA after mixing with ZnO in
the nanoscale. The ZnO incorporation modified
the morphology of HA in rod like structure. The
analyses of the obtained results show that there is
no change in the structure and the phases of the
produced HA or HA mixed with different amounts
of ZnO, while the crystallinity of HA was
improved by increasing the percentages of ZnO.
By immersing the pure and the mixed samples in
SBF solution, there are slight changes in the FTIR
results and increase in the Ca/P ratio which means
that P was released in the SBF solution and Ca*™
was replaced by some Zn*™. The bioactivity tests
show that the adding of ZnO to the HA improves
the bioactivity behavior.
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