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Abstract: Implantation causing infections and inflammations are of great challenge towards the surgeons and doctors in biomedical applications. Nickel
doped hydroxyapatite was synthesized via the wet chemical method and characterized by means of FTIR, XRD, and HRTEM with EDAX. The studies
showed the presence of nanoparticles ranges between 49-54nm with spherical like morphology. The FTIR spectrum showed the presence of OH - and
𝑃𝑂
groups. The EDAX confirms the incorporation of nickel ions into Hydroxyapatite. The in vitro assessment like Antibacterial activity, Antiinflammatory activity and Hemolysis test has been carried out for the samples. The sample NHA showed good antibacterial activity against the gram
positive and gram negative bacteria: Staphylococcus aureus and Escherichia coli. The sample NHA anti-inflammatory activity was nearby the standard
drug Diclofenac sodium. The NHA nanoparticles were non-hemolytic according to the ASTM (American Society for Testing and Materials Designation)
F 756- 00 resulting in the usage of NHA samples for biomedical application.
Index Terms: Nickel doped Hydroxyapatite, Wet Chemical method, FTIR(Fourier Transform Infrared Spectroscopy), HRTEM (High Resolution
Transmission Electron Microscope), In vitro Antibacterial activity, Anti-inflammatory, Hemolysis test.
——————————  ——————————

1.

INTRODUCTION

Hydroxyapatite (HA) is a considerable compound in
accordance with the composition and crystal structure of
human bone. It has excellent properties like bioactivity,
biodegradability, and biocompatibility [1]. This distinct
properties of HA made it clear to be used in the implantation
applications such as orthodontic wires, total joint replacement
prostheses, fracture fixation plates, nails and screws in
orthopaedics [2,3]. The infections and inflammations are the
post-surgical problems faced by patients and surgeons [4].
The development of biomaterials accompanying the properties
of anti-microbial activity to prevent the bacterial infections is of
great attraction towards the researchers [5]. To improve these
properties various materials are incorporated in HA. The ionic
substitution has substantial recognition for improving the
crystal structure of HA which enhances the solubility and
biodegradable properties. The substitution of metal ions into
the calcium (Ca 2+) ions can alter the morphologies, crystal
architectures, and surface configurations depending on the
proportion present. The divalent ( Mg2+ , Zn2+ , Mn2+ , Ni2+ ,Co2+
) and trivalent ( La3+ , Y3+ In3+ , Be3+ , Ga3+ , Eu3+ ) elements has
eminent result in the osteoblast adhesion [5,6]. The first-row
transition element Ni2+ is an infrequent addition in HA. The
antibacterial property of Ni has appealed interest as
biomaterials in biomedical applications [7]. The presence of
nickel is of great health concern and is associated with in vitro
and in vivo biocompatibility studies [8]. The present study is to
incorporate Ni2+ ions in HA and to study its in vitro assessment
for the future biomedical applications.

Several experimental techniques are employed in the
synthesis of HA. The methods are emulsion technique [9] and
hydrothermal method [10] . The metal ions substituted HA are
synthesized by using mechanochemical-hydrothermal [11],
sol-gel [12], precipitation [13], wet chemical method [14] and
microwave techniques [15]. The microwave assisted wet
chemical method is significantly efficient and cost-effective
method for the preparation of HA and NHA [16].

2 SYNTHESIS AND CHARACTERISATION
2.1 Synthesis Procedure
Hydroxyapatite (HA) was synthesized via wet chemical
method by using Calcium hydroxide Ca(OH)2 for Calcium
precursor and ammonium dihydrogen phosphate NH4H2PO4
(ADP) for Phosphorous precursor. 1M of Ca(OH)2 and 0.6M
NH4H2PO4 were prepared and the calcium solution was added
dropwise into the ADP solution. The mixed solution was stirred
continuously with the pH maintained above 10 and subjected
to microwave irradiation for 20mins (Samsung 2GHz, 800W).
The resultant precipitate was washed thrice to remove the
presence of ammonia (NH4). The filtered solution was
atmospherically dried and calcinated at 900⁰C for 2 hours. The
obtained flakes were grained to a fine powder by using a
mortar and pestle. For the synthesis of Nickel doped HAP,
Nickel nitrate hexahydrate was used as nickel precursor, 0.2M
of Ni(NO3)2(H2O)6 was mixed with 0.8M of Ca(OH)2 in 100ml of
de-ionized water and the same procedure was followed for the
synthesis of Nickel doped HA (NHA).

______________________






Table 1: Sample id and concentration of HA and NHA

a

PG and Research Department of Physics, Urumu
Dhanalakshmi College
Tiruchirappalli -621 819, India.
b
PG and Research
Department of Physics,
Edayathangudy G.S. Pillay Arts and Science College,
Nagapattinam- 611 002, India
c
Centre for High Pressure Research, School of Physics,
Bharathidasan University Tiruchirappalli 620 024, India.
*Corresponding Author E – Mail: sakthiphy13@gmail.com

2.2 Characterisation Techniques
The phase analysis for the synthesized samples were
analyzed by using X-ray diffractrometer Smartlab Rigaku
operated at 40kV and 30mA with Cu Kα radiation in the range
from 5º to 80º in continuous mode. The scan speed or duration
is 4.06⁰/min. The structural transformation was analyzed by
using Perkin Elmer spectrum two FTIR. The morphology and
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particle size of the sample were analysed by using Highresolution transmission electron microscope (TECNAI, G20
TWIN) at 200keV. The anti-microbial test was carried out for
the samples by using disc diffusion method. The antiinflammatory effects of the samples were evaluated by using
the protein denaturation method. The hemolytic test was
performed by using spectrophotometer method.
2.3 In vitro assessment
2.3.1 Anti-bacterial Activity
The antibacterial activity for the samples HA and NHA were
carried out by using disc diffusion method. The media was
prepared by using nutrient agar (NA-Hi media). The medium
was prepared by suspending NA in distilled water. The
microbial strains employed in the biological assays were
Gram-positive bacteria: Staphylococcus aureus (MTCC 3160)
and Gram-negative bacteria: Escherichia coli, (MTCC 732).
The culture was prepared by suspending in physiological
saline for about 24 hours at 37⁰. The samples HA and NHA
were weighed (10mg/10ml) and dissolved in sterile distilled
water to prepare appropriate dilution to get required
concentrations of about 50μl (50μg), 100μl (100μg) and 150μl
(150μg). Whatman filter paper (No:1) was used to prepare
discs approximately 6 mm in diameter, which was placed in
hot air for sterilization. The standard solution as
Chloramphenicol for bacteria (25mg/ml distilled water- 30μl)
was used to compare with the test solution. Petri plates were
prepared by pouring 30 ml of NA medium for bacteria. The
plates were incubated at 37ºC for 24 h for the bacteria and at
room temperature (30±1). The antimicrobial potential of test
compounds was determined on the basis of the mean
diameter of the zone of inhibition around the disc in millimetre.
The zones of inhibition of the tested microorganisms for the
samples were measured using a millimetre scale [17, 18].
2.3.2. Anti-inflammatory Activity
The Anti-inflammatory activity was assessed by using the
protein denaturation method [19]. The reaction mixture (5ml)
consisting of 2mL of different concentrations of HA and NHA
(100,200,300,400
and
500µg/ml)
and
2.8mL of phosphate buffered saline (pH 6.4) was mixed with
0.2mL of egg albumin (from fresh hen’s egg) and incubated at
(37±1)°C for 15 min. Denaturation was induced by keeping the
reaction mixture at 70°C in a water bath for 10 min. After
cooling, the absorbance was measured at 660 nm by using
double distilled water as a blank. Diclofenac sodium (100, 200,
300, 400 and 500 µg/ml) is used as the standard drug and
similarly for determination of absorbance. Both samples were
done in triplicate and the average was taken. The percentage
inhibition of protein denaturation was calculated by using the
following formula:
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method [20]. Five millilitres of fresh human blood was
collected in a tube containing heparin. The blood was
centrifuged at 1500 rpm and plasma (supernatant) was
discarded. The pellet was washed with sterile phosphate
buffer saline solution (pH 7.2±0.2) by centrifugation at 1500
rpm for 5 min. The cell suspension was prepared by finally
diluting the pellet to 0.5% in saline solution. 0.5 ml of the cell
suspension was mixed with 0.5 ml of the samples (25, 50,
100, 250, and 500µg/ml concentrations in phosphate buffer
saline). The mixtures were incubated for 30 min at 37ºC and
centrifuged at 1500 rpm for 10 min. The free hemoglobin in the
supernatant was measured in UV-Vis spectrophotometer at
412 nm. Phosphate buffer saline and distilled water were used
as minimal and maximal hemolytic controls. Each sample was
performed in triplicates at each concentration. The level of
percentage hemolysis by the sample was calculated according
to the following formula:
𝐴𝑡 − 𝐴𝑛
% 𝑜𝑓 𝐻𝑒𝑚𝑜𝑙𝑦𝑠𝑖𝑠 = − − − − − − 𝑥 100
(2)
𝐴𝑐 – 𝐴𝑛
Where At is the absorbance of the test sample, An is the
absorbance of the negative control (saline control) and Ac is
the absorbance of the positive control (water control). The
Hemolysis level is >5, 2–5 and 0–2, the corresponding
hemolytic grade is hemolytic, slightly hemolytic and nonhemolytic respectively.

3. RESULT AND DISCUSSION
3.1 Structural Characterization
3.1.1 Functional groups
The FTIR spectrum of HA generally consists characteristic
band of hydroxyl, absorbed water, phosphate and carboxyl
groups. In the HA spectrum (Figure 1a & 1b) the peaks at
474cm-1 is assigned to the Vibrational mode of O-P, the sharp
peaks at 570 cm-1 and 602 cm-1 are assigned to O-P-O
bending modes. The absence of 𝐻𝑃𝑂 is confirmed by the
non-existence of peak at 874cm-1. The peaks at 3573 cm-1
and 632 cm-1 are allocated to the stretching and Vibrational
mode of O-H group. The absence of carboxyl group is
confirmed by no peaks at 1455 cm-1 and 1423 cm-1 [21, 22].
The incorporation of Ni2+ ions in the HA structure did not
create any remarkable changes in the FTIR of HA. The 𝑃𝑂
groups at 963cm-1 -1091cm-1 are shifted towards the lower
wave number. This confirms the incorporation of Ni2+ ions in
the HA structure.

At - Ac
% of inhibition = -------------- x 100
(1)
Ac
Where, At = absorbance of the test sample; Ac = absorbance
of control. The results are represented graphically in ± with the
standard deviation.
2.3.3. Hemolysis Test
In vitro hemolytic activity was performed by spectrophotometer
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(Figure.2 (d,e,f)) samples were analyzed by using HR-TEM
(High Resolution Transmission Electron Microscope).The
nanoparticles of HA and NHA possessed spherical and close
to spherical like morphology of different sizes. The effect of
initial pH which was maintained at 11 resulted in agglomerated
spherical like nanoparticles with size above 50nm [27]. The
presence of porosity in the HA nanoparticles resembles the
similarity with the porosity in natural human bones. The
reduction in the porosity of NHA nanoparticles resembles the
incorporation of Ni2+ ions in HA structure [28, 29]. The
presence of NiO nanoparticles in the HRTEM is in good
agreement with the XRD pattern. The SAED pattern taken
from a single HA and NHA structure concede the crystalline
index of the samples with sporadic diffraction patterns. The
SAED pattern of the samples is compatible with the XRD
patterns resembling the polycrystallinity. The elemental
composition of the sample confirms the presence of calcium,
phosphate, and nickel in the HA structure (Figure.3 (a & b).

Figure 1: FTIR spectrum and XRD pattern for HA (a, b) and
NHA (c, d) nanoparticles.
3.1.2 Phase identification
The XRD pattern for the synthesized HA and NHA samples
are shown in figure (1c) & (1d). The sharp peaks indicate the
high crystallinity of the samples. The transformation of HA to
β-TCP due to calcination at T>700⁰C is indicated by the
presence of TCP phase along with HA phase [23,24]. Both the
phases were in good agreement with the standard JCPDS
cards (09-0432) for Hydroxyapatite and (09-0169) for β-TCP.
The increase in the peak intensity and shift of peaks towards
the higher theta values of NHA confirm the substitution of
Ni2+ions in the interstitial sites of calcium ions. The presence of
Nickel Oxide (JCPDS: 47-1049) is confirmed by the peaks at
37.39⁰ and 43.38⁰ (Figure.1d). The formation of NiO is due to
the reaction of Ni2+ions with OH- ions by the presence of
ammonia (Eq.(1a) and (1b)). Further, calcination at 900⁰C led
to the formation of NiO [25].
Ni

+ OH

Ni (OH)2(S) ⇒

→ Ni OH
NiO(s)+ H2O

(3a)

Figure3: EDAX composition for HA and NHA nanoparticles.
3.3 In vitro assessment
3.3.1 Antibacterial activity
The antibacterial activity for HA and NHA nanoparticles
against gram positive and gram negative bacteria
Staphylococcus aureus and Escherichia coli was done by
using the disc diffusion method. The zone of inhibition (ZI) was
measured by using a millimetre scale is tabulated in Table 2.
The NHA sample shows better effectiveness than HA against
the gram-negative bacteria (Figure.4). The E.coli bacterium
which causes major infection by means of surgical instrument
or implantation can be solved by using materials containing
properties like antibacterial effect [30]. The HA which is
naturally bioactive and biocompatible generally does not have
antibacterial property [31]. This can be improvised by using
nickel incorporation in the HA structure [8].

(3b)

The crystallite size of the samples is calculated by using
Debye Scherer formula [26].
0.9𝜆
𝐷=
𝛽𝐶𝑜𝑠𝜃
Where D is average particle size, λ is the wavelength, β is the
full width half maximum and θ is the diffraction angle. The
average crystallite size for NHA is 49nm and HA is 54nm. The
reduction in the crystallite size is due to the incorporation of
Ni2+ions in the HA structure.
3.2 Morphology and Elemental analysis
The Morphology of the HA (Figure.2 (a,b,c)) and NHA
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Figure4: Antibacterial activity for HA and NHA samples: %
Zone of Inhibition for Staphyloccocus aureus and Escherichia
coli.

Figure2: Morphology of HA and NHA samples by HRTEM
analysis. (a, b) are HA and (d, e) are NHA nanoparticles. (c,
d) are the SAED pattern for HA and NHA nanoparticles
Table 2: Antibacterial activity of HA and NHA samples

Figure 5: Chart representation of in vitro anti-inflammatory
activity of HA, NHA and Standard diclofenac sodium by
Protein Denaturation method.

3.3.2. Anti-inflammatory activity
Figure.5 shows the Anti-inflammatory activity for HA and NHA
samples by using Diclofenac sodium as the standard drug for
absorbance. The percentage of inhibition for different
concentrations is nearer to the standard drug. The result
proves that the NHA is more effective than the pure HA
sample. Therefore the NHA samples can be used for
implantation oriented application which does not cause any
higher inflammation to the cellular system [32].

3.3.3 Hemolysis test
The Hemolysis test is certainly an essential test for studying
the interaction of nanoparticles with blood components [33].
Hydroxyapatite nanoparticles usage in bone implantation and
in many in vivo applications interacts with the blood cells and
other cellular systems. The human cellular system’s adaption
or interaction to external bodies may sometimes cause
thrombus and decrease in stimulation of platelet activation
[34]. The ASTM (American Society for Testing and Materials
Designation) F 756- 00 states that the Hemolysis ratio <2 is
considered as non-hemolytic. Hence the HA and NHA samples
observed as non-hemolytic (Table 3) can be used for
biomedical implantations [33].
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Table 3 : OD value of hemolysis test ratio% for HA and NHA
samples
Concentrat
ion
(µg/ml)

Absorba
nce

An
(Negative)

Ac
(Positive)

25

0.041

0.057

1.652

50

0.049

0.057

1.652

100

0.054

0.057

1.652

200

0.061

0.057

1.652

Hemoly
sis
(%)
1.01313
0.50157
0.18809
0.25078

400

0.067

0.057

1.652

0.62695

Hemoly
sis
(%)
0.94043
9
1.31661
4
1.81818
2
2.19435
2.82131
7

CONCLUSION
Nano-HA and Nickel doped HA have been synthesized by
using the wet chemical method with microwave techniques.
The EDAX has confirmed the doping of Ni2+ ions in the HA
structure. The nano crystallinity of the samples is confirmed by
the XRD pattern. The presence of β-TCP along with HA
phases is due to the transformation at >900⁰C. The NHA
peaks have high intensity due to the substitution of Ni2+ ions.
The average crystallite size calculated by using Debye
Scherer formula is 48-55nm. The functional groups like O-H
and O-P-O are confirmed by the FTIR spectrums. HRTEM
analysis shows spherical and close to spherical like
morphology. Due to the substitution of Ni2+ions the samples
has high agglomeration. The samples HA and NHA shows
antibacterial activity against S.aureus and E.coli by using disc
diffusion method. The samples exhibit less inflammation and it
is non-hemolytic. Thus the nanoparticles can be used for
orthopedics implantation and surgical applications in
biomedical field.
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