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The aim of this study was to evaluate the e�ects of Schi� base metal complex on the bio-compatible hydroxy-
apatite (HAp) ceramics. The reason for that was to produce, as the �nal product, the HAp in powder form,
with extraordinary features like analgesic, antibacterial properties. This e�ect was provided by doping HAp
powder with some Schi� base complexes during the powder extraction process. Schi� base complex used in the
study was synthesized by condensation of primary amines with carbonyl compounds. The chemical structures
of the synthesized compounds were con�rmed by means of infrared (IR) spectroscopy and elemental analysis.
Characterizations of the extracted HAp powders were carried out by using scanning electron microscopy for surface
analysis and EDS analysis, X-ray di�raction for phase determination and grain size distribution. The bactericide
e�ects of Zn SAE-added pure HAp were tested on E.Coli bacteria for the content range of 0�7 wt.% of Zn-SAE.
Consequently, bacterial activity of the calcium phosphate resulting powders was evolved by adding the Zn SAE
Schi� base complex.
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1. Introduction

Calcium phosphate ceramics such as hydroxyap-
atite (HAp), tricalcium phosphate (TCP) have drawn
special interest due to their biocompatibility. These bio-
ceramics have many advantages, including their chemi-
cal similarity to bone minerals, protein adsorption prop-
erties, absorbability and high osteoconductive, nontoxic
properties [1�2]. In the recent years, researchers on bio-
materials have made various types of arti�cial bone from
HAp, TCP, or BCP, which are being used in clinical ap-
plications [3]. Hydroxyapatite (HAp) which has a chem-
ical formula of Ca10(PO4)6(OH)2, is one of the most im-
portant bioceramics. Hydroxyapatite was �rst used for
periodontal lesion �lling in 1981 and then its usage was
extended to solid components, �lms for dental and bone
implants [4]. The HAp is main inorganic component of
human hard tissues, such as teeth and bones. The other
attractive aspects of HAp are the ability of chemically
interact and bond with the surrounding bone [5]. Syn-
thesize of HAp powder is possible by two routes, that
is, the production of synthetic powder and extraction of
natural HA powder. Synthetic route includes di�erent
techniques such as direct precipitation, electrochemical
deposition, hydrothermal synthesis and emulsion. The
fabrication of the synthetic HA powder is a very com-
plicated and sophisticated technique. Extraction of HAp
from natural raw materials is inexpensive and is easier
than the synthetic route [6].
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Schi� metal base complexes have received increasing
attention in recent year, due to their antimicrobial, an-
ticancer, analgesic, anti-in�ammatory and herbicidal ap-
plications. The main factor here is the existence of metal
ions bonded to biologically active compounds which may
enhance their activities. It is known that the existence
of metal ions bonded to biologically active compounds in
Schi� base complexes may enhance their activities [7�8].
The compounds carrying imine or azomethine (�C=N�)
functional group are known as Schi� bases. These were
�rst synthesized by Hugo Schi� and have gained impor-
tance in medicinal and pharmaceutical �elds, as anti-
cancer, antimicrobial anti-in�ammatory, analgesic, pes-
ticidal agents [9�10]. Schi� bases are usually synthe-
sized from condensation products of primary amines with
carbonyl compounds and compounds having active car-
bonyl groups. Schi� base Cu complexes can represent
antibacterial and anti proliferative activities, owing to
the properties of the coordinate ligands alone. Various
works revealed that Schi� base complex with Zn metal
ions has antimicrobial and analgesic, anti-in�ammatory
e�ects [11�13].
We report herein the results of our studies on doping

of hydroxyapatite bioactive ceramic powder, extracted
from bovine bone, with the metal complexes of a Schi�
base. The author expects to combine bioactive property
of hydroxyapatite and antimicrobial and analgesic, anti-
in�ammatory property of Schi� base Zn complexes. In
this context, HAp bioactive ceramics with the anti bac-
terial and analgesic features was produced, for the use in
bioceramic coatings and bone �llers, for �lling of bone
defects or voids (e.g. bone cancers).
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2. Materials and method

The present study has handled the fabrication of HAp
bioactive ceramics with bioactivity in two steps; fabrica-
tion of Hydroxyapatite powder and synthesising of Schi�
base metal complex, respectively.
Hydroxyapatite powder was produced from bovine

bone (Meat and Fish Institution of Sakarya, Turkey),
with the age of two years, used as the natural raw ma-
terial, by thermal method, which is a fairly inexpensive
technique. The HAp powder extraction method involves
crushing into small pieces, boiling up at 100 ◦C for 3 h on
a hot plate, burning up the remaining organic materials,
heat treatment of the precursor in a furnace (Protherm
PLF 130/9 model), and grinding by planetary milling.
After the sieving, powder, with grain size of 30 µm, was
obtained.
Analysis of [Zn(SAE)]3(OH)3 complex gave

C27H33O9N3Zn3 (MW: 739 g/mol). While the cal-
culated values (%) were: C, 43.84; H, 4.50; O, 19.47,
N, 5.68, Zn, 26.52, the examined values were %: C, 43.28;
H, 4.51; N, 5.15. To prepare the Schi� base metal com-
plex, salicylaldehide and 2-aminoetanol in MeOH (6 ml)
were mixed to react in a glass balloon (50 ml) for 3 h at
room temperature. Zn(OAc)2·2H2O (5.26 g, 12 mmol)
was added in the mixture of reactants, and reaction was
allowed to continue for 48 h. Afterwards diethylether
was added to the mixture, and mixing was carried for
two more hours. Precipitant, looking like a crystalline
material, was �ltered under vacuum. The precipitant
was washed �rst by a diethylether-MeOH mixture, and
then by diethylether. Yellowish and crystalline-like
product was obtained and the yield was 2.58 g, or 57.0%.
Hydroxyapatite powder and Schi� base metal complex

powder were wet mixed by ball milling technique for 24 h,
using isopropyl alcohol as the milling medium. Follow-
ing the mixing, rotary evaporator was used to homoge-
neously remove alcohol from the slurry at 90 ◦C for 1 h.
The powder was sieved through a 300 mesh sieve screen.
The prepared powder was pressed into a steel die (12 mm
in diameter) under pressure of 50 MPa. The composi-
tions of the various batches are shown in Table. Particle
size analysis of the used powders were performed on the
Microtrack S3500, USA. The analysis revealed that the
mean particle size was 1�2 µm.

TABLECompositions and codes used in the
study.

Code Composition

H Pure HAp

H1 HAp + 1% wt. Zn(SAE)2

H2 HAp + 2% wt. Zn(SAE)2

H5 HAp + 5% wt. Zn(SAE)2

H7 HAp + 7% wt. Zn(SAE)2

Scanning electron microscopy (SEM, JEOL, JSM-
6700F, Japan) was performed to examine particle mor-
phology of the fabricated HAp powder. EDS elemental
analysis of both the HAp powder and Schi� base added

Fig. 1. SEM micrograph of HAp powders (with 5 wt.%
of Schi� base complex).

Fig. 2. EDS analysis for HAp powders with 5 wt.% of
Schi� base complex.

powder were carried out to determine element content of
the product. The HAp powder was analyzed using XRD
(Rigaku Dimaks 2200) for identifying its phase composi-
tions. FTIR (MIRacle� Single Re�ection ATR) was used
to reveal the presence of the Schi� base structure. In an-
tibacterial tests, disks of pure HAp and HAp with various
doses of Zn SAE were used to see toxic e�ect on bacteria
and the inhibition of bacterial growth. Escherichia Coli
DHSα strain, non-pathogenic, was used as a test organ-
ism (supplied by Sakarya University, Chemistry Labora-
tory, Sakarya, Turkey). E.Coli is a heterotrophic bac-
terium and can reproduce easily. Bacterial test kits (dif-
fusion discs etc.) were purchased from Seçkin Medikal
Company, Sakarya, Turkey. Naturally pure HAp, 0.1%,
0.2%, 0.5% and 0.7% Zn SAE-added HAp disks were
used in disk di�usion method. After incubation, it is
observed whether bacterial growths occurs or not. In
another method, we have tried to observe bactericidal
e�ect by colony counting in nutrient broth. Disk di�u-
sion method was used for the antibacterial test. Sample
taken from E.Coli culture was inoculated by spread plate
method. The sterile disks (pure HAp, 0.1%, 0.2%, 0.5%
and 0.7% Zn SAE-added HAp) were placed on plate by
applying the aseptic technique. Incubation was carried
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out for 48 hours. After that, the disks were spread from
plates by applying aseptic techniques and incubated at
37 ◦C for 48 hours.

Fig. 3. EDS mapping of Fig. 1 for Zn distribution (red
points).

3. Results and discussion

3.1. Scanning electron microscopy and EDS elemental
analysis of the hydroxyapatite powder

As it is seen in Fig. 1, the produced hydroxyapatite
powder has a narrow particle size distribution. Particle
size of the powder is predominantly < 1 µm. Figure 1
shows SEM micrograph of HAp powder with 5 wt.% of
Schi� base complex. Figure 2 shows EDS analysis for the

powders with 5 wt.% Schi� base complex. It contained
Ca, P, Mg, Na, O, C, Zn. It is well known that elemental
composition of the human bone tissue contains Ca, P,
Mg, Na, C, O elements but the Zn was added to gain
analgesic and antibacterial properties. While Ca and
P are the main elements, Zn provides antibacterial and
analgesic e�ects. Uniform distribution of Zn is important
because it shows whether a correct powder preparation
process was performed. EDS mapping analysis can show
distribution of any element in the microstructure. When
looking at Fig. 3, Zn element can be seen virtually ev-
erywhere on Fig. 1. This means that Schi� base metal
complex was homogeneously distributed in the hydrox-
yapatite powder.

Fig. 4. X-ray analysis of HAp powders (with 2 wt.%
Schi� base complex).

Fig. 5. FTIR spectra of pure HAp and HAp powders with various amount of Schi� base complex.

3.2. X-ray analysis and IR spectroscopy
of the prepared HAp powder

Figure 4 shows the XRD pattern for the homemade
produced hidroxyapatite. As can be clearly seen in Fig. 4,
all characteristic peaks belong to hidroxyapatite phase
[Ca10(PO4)6(OH)2]. That is to say, the production of
monophase HAp powder was achieved during powder
preparation, which was explained in Experimental sec-
tion. Determination of Schi� base metal complexes via
X-ray analysis is di�cult because of the low amount
(< 5 wt.%) of Zn in Schi� base. Thus, Schi� base com-
plex was examined by FTIR (Fig. 5). FTIR characteriza-
tion for both the pure HAp and [Zn(SAE)]3(OH)3-added

HAp sample was carried out to study the spectral char-
acteristics, speci�c for the chemical bonding. The spec-
trum in Fig. 5 can be divided into three regions, with
peaks having wave numbers around 3570 cm−1, 1638�
1450 cm−1 and 1085�960 cm−1. 3570 cm−1 peak can be
attributed to OH groups in HAp molecules. In the same
way, while the peaks at 1638�1450 cm−1 can be referred
to double bonded oxygen, the peaks in the range of 1085�
960 cm−1 can be attributed to single bonded oxygen.
The spectra of mixed HAp samples are similar to that
of pure HAp, except for the peaks of [Zn(SAE)]3(OH)3
complex. As shown in Fig. 5, an extra peak, belonging to
C=N bond in the mixed samples, was observed around
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1636.4 cm−1. Weak peaks of [Zn(SAE)]3(OH)3 complex
in the spectrum may be due to low content of the addi-
tion in HAp.

3.3. Antimicrobial e�ect of the resulting powder

In antibacterial tests, HAp disks with di�erent doses
of Zn SAE and pure HAp were used to see toxic ef-
fect on bacteria and inhibition of bacterial growth. The
antimicrobial e�ects of the specimens with and with-
out Zn(SAE)2 versus E.Coli are shown in Fig. 6. The
main di�erence between the samples with and without
Zn(SAE)2 is that the zinc ions released from HAp com-
pacts have strong antimicrobial e�ects. Figure 6a was the
control sample for the HAp which had not any additive.
The HAp with Zn(SAE)2 samples had not the bacteria
killer ability on contact, until the addition of amount of
5 wt% Zn(SAE)2 (Fig. 6b and 6c), because of the low
concentration of Zn(SAE)2. As obviously can be seen in
Fig. 6, for the amount of ≥ 5wt.% of Zn(SAE)2 (Fig. 6d),
the HAp with Zn(SAE)2 had started to exhibit the an-
tibacterial e�ect of Zn(SAE)2, due to adequate concen-
tration. In addition, the bacterial free zone was appar-
ently enhanced with the increase of Zn(SAE)2 amount
from Fig. 6b to Fig. 6d. However the zone was weak to
show the antibacterial e�ect. In conclusion, Zn-added
HAp disks were antibacterial and the most e�ective were
the highest doses of Schi� base in HAp.

Fig. 6. Antibacterial tests using E-Coli bacteria of
HAp compacts with various amounts of Zn(SAE)2 ad-
ditive.

4. Conclusion

The present work is based on the fabrication of HAp
powder having antibacterial and anelgesic properties via
Schi� base metal complexes (Zn(SAE)2). Pure and ther-
mally stable hydroxyapatite powder was extracted from
bovine bone by the thermal method. The phase purity
and crystallinity of hydroxyapatite powder was deter-
mined by XRD analysis. The presence of Schi� base
complex was veri�ed using FTIR and EDS analyses. An-
tibacterial testing results showed that HAp powder with
Zn(SAE)2 has high bioactivity in comparison with pure
HAp powder. The best result versus Escherichia Coli
bacteria, in terms of antibacterial e�ect, was obtained
with 0.7 g Zn(SAE)2. Thus, the author expects that the
HAp ceramics with biologically modi�ed features will be
replaced with the present coating materials in implant
and bone �llers applications in human body.
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