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Enhanced Hemolytic Biocompatibility of Hydroxyapatite by Chromium
(Cr*) Doping in Hyvdroxyapatite Nanoparticles Synthesized by Solution
Combustion Method
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ABSTRACT

For the better success of biomedical implant surgery, we used a modified solution combustion method to synthesize Hydroxy-
apatite (HA) and Chromium (Cr'") madified Ce-HA with different concentrations of 05, 1.0, 1.5, 2.0 and 2.5, The Cr-HA nano-
powder was characterized by TGA, XRD, SEM-EDS and TEM. The HA and Cr-HA powders were subjected to in vitre biological
studies to determine their biccompatibility and hemocompatibility. The cytotoxicity of HA and Cr-HA were evaluated on Hela
{Cervical cancer) cells and L92% (mouse fibroblast) cells by using MTT assay. Hemocompatibility studies demonstrated a notice-
able hasmaolvtic ratio below 5%, which confirms that these materials are compatible 1n nature with human blood. The results of
the present work confirm that the synthesised HA and Cr-HA are biocompatible and can be extensively uzed in the biomedical
field to improve overall material biological properties.
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1. Introduction

ecently, materials science research has come to involve

applications of materials to biomedical engineering,
especially in orthopaedic implant surgery, Certain metal
oxide and ceramic materials have been used in the biomedi-
cal field for more than four decades to repair and recon-
struct diseased orthopedic parts." Bio-inert ceramics are
special tyvpes of nanocrystalline bioceramic materials that
are used for the repair and reconstruction of damaged or
diseased parts of the body. It s reported that the first well-
known hioceramic material was calcium sulphate (plaster of
Paris). Among the different ceramic materials, ealeium
phosphate based bio ceramic nanoparticles, owing to their
biocompatibility behaviour, are promising candidates for
biomedical applications, such as a drug delivery, detection
of pathogens, and enzyme immobilization. One of the most
interesting and attractive bioceramic materials, Hydroxyap-
atite (HA), has been studied in tissue engineering for ortho-
pedics and dentistry due to its bicactivity, biocompatibility
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and osteoconductivity. The structural and chemieal compo-
sition of HA is similar to the mineral components of mam-
malian bone and teeth.*” Improvement in the hiocompatibility
and nontoxicity of bone substitute materials is one of the
main concerns of orthopedic and dental surgery, Since the
1980s, Hydroxvapatite has been widely used as a coating on
metallic implants to improve their biccompatibility *%

To u=e in implants of artificial bone, ceramic material
should be resorbable, easy to shape, and possess osteoinduc-
tive mechanical properties. Nowadays. the most frequently
used caleium phosphate based compound 15 hydroxyapatite,
processed as porous ceramics., coatings, and composites
Artificial HA is a good candidate and is widely applicable in
the field of biomedical engineering """ The function of a bio-
ceramic is not only physical substitution but also partia-
pation in the bone regeneration process of the artificial
component(s). HA, because of its good biocompatibility. has
been found to be applicable as a biomaterial in orthopedics,
bicengineering, and dentistry.'” Some of the most promis-
ing characteristics of Synthetic HA are its verv good ion
{cation) exchange rate with metals, its high affinity for
pathogenic microorganisms, and its excellent biocompatibil-
ity.'* " It is reported that around 70 - 80% of implants are
made of biccompatible metals.' With the introduction of a
transition metal ion like silver, HA ean be effective in con-
trolling microorganisms due to its ion-exchange capabili-
L.iEH_J'm
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Metal doping in HA for biomedical applications has
received a lot of attention because it is capable of enhancing
the biocompatibility response by lowering the toxicity of the
nanoparticles. It is well known that metal ion doping in HA
can influence the biological properties of metal-doped HA by
improving the overall antimicrobial and non-cytotoxicity.
Free radicals are produced in oxidation reactions. These
free radicals initiate chain reactions, which interact with
and damage cells. To terminate these reactions, antioxi-
dants play an important role by leaving free radical inter-
mediates, and stop other oxidation reactions. It has been
reported that Ca sites by some trivalent (Al™, Fe™) and
divalent cations (Ba®, Mg**, Sr*, Cd*).'” This is a major
drawback when a bio-ceramic material is implanted in a
body; the material can release harmful metal ions due to
wear and corrosion . Out of metal ion release, some toxic
metal ions can have bad effects on the surrounding environ-
ment,'®

Most of the biological properties of ceramic materials
depend on the size and shape of the ceramic nanoparticles,
which characteristics are closely related to the synthesis
method. It is reported that patients who undergo metal-on-
metal resurfacing have raised serum levels of Cr ions (0.8
ug 1°1)."” Chromium metal has different states of oxidation,
which is a useful component of metalloproteins and enzymes.”
In prosthesis surgery, antibiotic therapy is used to avoid
bacterial infections in artificial bones. If in any case post-
surgery infection spreads, it may necessitate the removal of
the prosthetic part. Similarly, it is used in orthopedic sur-
gery and stomatology. The success of any implant surgery
depends on the antibacterial properties and nontoxic nature
of the surroundings. Due to secondary bacterial infections,
it causes serious complications. Trivalent Cr(IIl) and hexa-
valent Cr(VI) are the two most common oxidative states of
Cr. Hexavalent Cr(VI) is toxic in nature. Chromium is an
environmentally hazardous material and is carcinogenic.?”
It is reported that Cr™ ions have been studied in few studies
to verify their effectiveness in encouraging a biological
response; also, this ion affects the crystallisation behaviour
of hydroxyapatite bio ceramics and bone minerals.*” In vitro
study of Cr(VI) with red blood cells for 40 min shows no
effect at up to 1 g/1.*¥ It has been reported that Cr(III)
dopant improves the photo catalytic antibacterial activity
under visible light irradiation.”

The aim of the present study was to investigate the role of
chromium ions at different concentrations on in vitro L929
cell lines and Hela cervical cell lines for 24 h and 48 h. Chro-
mium modified Hydroxyapatite was prepared by facial solu-
tion combustion method. This work’s focus was to study the
bioactivity of Cr-HA nanoparticles under different physical
and biological conditions. The prepared Cr substituted HA
was characterized by TGA, Powder-XRD, SEM-EDAX, HR-
TEM, and XPS. It has been reported that nanoparticles may
produce toxicity in some cell-based assays, but not in all.
This toxicity is a result of differences in the inborn response
of particular cell types, which cause interference with chem-
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ical probes; therefore, it is suggested that the in vitro cyto-
toxicity activities of HA should be assessed for several cell
types with different assays and doses, in order to evaluate
the cytotoxicity of Cr doped HA for study.

2. Experimental Procedure

2.1. Materials

Chromium nitrate (III) was purchased from Thomas
Baker. Calcium nitrate tetrahydrate (Ca(NO;),4H,0), and
di-Ammonium hydrogen orthophosphate (NH,), HPO, were
purchased from Sigma-Aldrich. All chemicals were used
without any purification and all were analytical grade.

2.2, Synthesis of Pure HA and Cr-doped hydroxyap-
atite

Cr modified hydroxyapatite (Cr-HA) was prepared by a
modified solution combustion method with different concen-
trations (0.0, 0.5, 1.0, 1.5, 2.0, 2.5 mole %). Stoichiometric
amounts of the calcium precursor Ca(NO,),-4H,0, Chro-
mium nitrate (III), and phosphate precursor (NH,),HPO,
were dissolved in double distilled water to obtain a final
concentration of solution of 0.1 M. Polyvinyl alcohol (PVA)
was used as a fuel. In double distilled water, an equimolar
solution of PVA was prepared. The equimolar mixture of
fuel and oxidants was stirred magnetically for 30 min at
room temperature. After evaporation, this mixture formed a
gel of precursors at 100°C; then, this gel was heated at
300°C to obtain a black colored powder. The obtained pow-
der of Cr-HA was then annealed at 950°C for 6 h. Using a
muffle furnace, it was possible to ignite the dried mixture to
start the combustion reaction. Various Cr-doped hydroxyap-
atite samples containing Cr contents of 0.0, 0.5, 1.0, 1.5, 2.0,
and 2.5 mole % were denoted as HA, Cr-HA-1, Cr-HA-2, Cr-
HA-3, Cr-HA-4, and Cr-HA-5, respectively.

2.3. Characterization

2.3.1. Structural and morphological studies

The synthesized samples were characterized by various
techniques such as TGA, XRD, SEM, Energy Dispersive
Spectroscopy (EDS), and TEM. Structural analysis of Cr-
HA was performed using X-ray diffraction (Philip-3710)
with Cu-Ka radiation. X-ray diffraction patterns were ana-
lyzed using the X-pert high score plus software program
and obtained XRD patterns were then compared with stan-
dards established by the Joint Committee on Powder Dif-
fraction and Standards (JCDPS), to obtain the correct
phase structure. Thermo gravimetric analysis (TGA) was
used for thermal analysis; in this analysis, changes in the
chemical and physical properties of the materials are mea-
sured with constant heating rate as a function of increasing
temperature. Particle size and morphology were observed
using a transmission electron microscope (TEM, JEOL-
JEM-2100) with resolution of 2.4 A. The elemental analysis
was carried out by energy dispersive spectroscopy (EDS,
JEOL JSM 6360).
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2.4. Cytotoxicity study

2.4.1. Cell culture

Comparative in vitro Cytotoxicity analysis of the Cr-HA
nanoparticles was carried out on Hela (Cervical cancer) cells
and 1929 (mouse fibroblast) cells using MTT assay. Cell
lines were obtained from the National Centre for Cell Sci-
ences, Pune (India). In vitro cytoxicity study was carried out
at the National Toxicology Centre, Pune (ISO10993/USP 32
NF 27). Target cell lines were grown in MEM culture
medium with antibiotics and 10% FBS [foetal bovine serum,
kanamycin (0.1 mg/mL™")], penicillin-G (100 U/mL™"), and
sodium bicarbonate (1.5 mg/mL™"') at 37°C in a 5% CO,
atmosphere.

2.4.2. MTT assay

The Hela (Cervical cancer) cells and 1.929 (mouse fibro-
blast) cells were separately incubated with concentrations
of 1x 10" cells/ml in medium in a 96-well microtiter plate
(cell count was taken in Neubauer’s chamber) for 24 h and
48 h. After 24 h fresh media was replaced by the old media
and by different proportions of Cr-HA particles of 10, 50,
100, 200, 400, and 800 pg/ml of cultured media. Then, the
total medium was incubated at 37°C in a 5% CO, atmo-
sphere for 24 h. After 24 h, to confirm the non-contamina-
tion and to verify certain other parameters, incubation
plates were observed under an inverted microscope. Then,
10 pl of 5 mg/ml MTT solution was added to each well
including the control wells. The plates were wrapped in alu-
minium foil and incubated for 4 h at 37°C in a 5% CO, atmo-
sphere for metabolization of MTT with the nanoparticles
and cell media. After 4 h of incubation, the plates were
removed and observed under an inverted microscope and
photographs were taken. The entire medium was then
removed by flicking the plates and only the anchored cells
remained in the wells. Then, the cells were washed with
phosphate buffer saline (PBS) and the formazan that had
formed was extracted in 200 pl acidic isopropanol in each
well; after 1 h, the absorbance was measured at 492 nm,
and from these absorbance values the cell viability was cal-
culated. The experiments were replicated three times and
the mean data were graphically presented as mean + SD.
Obtained relative cell viability values (%) compared with
control well containing cells without nanoparticles were cal-
culated by the following equation:

Relative cell viability (%)
=, [Aﬂh!-'vnk’hﬂn\'!“] Lmatisd’If [‘Aﬂhsurlmmt’}ceml.r{ll x 100 (1)

2.5. In vitro Hemocompatibility

To prove that HA and Cr-HA are good blood biocompatible
materials, a comparative Hemolysis test (in vitro hemocom-
patibility) study was carried out for the undoped HA and
Cr-HA.

In this Hemolysis test, 5 ml of blood was collected from a
healthy volunteer. The healthy volunteer was from our lab-
oratory research group and the person’s age was 28 years.
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In the hemolytic test, it is essential to separate the plasma
from the red blood cells; for this reason, the obtained total
blood (5 ml) was continuously centrifuged for 4 min at 5000
rpm to separate the plasma from the RBC pellets. After
completion of the centrifugation, the plasma separated RBC
pellet was diluted with 5 ml of freshly prepared phosphate
buffer saline (PBS) solution and this mixture was centrifuged
at 4°C for 6 min at 5000 rpm. This centrifugation process
was repeated for 6 min with 5 ml of PBS solution; then, the
blood pellet was dissolved in 15 ml of phosphate buffer
saline (PBS) solution and stored in a refrigerator. Then, the
prepared blood sample (0.2 ml) was mixed with 0.8 ml of
phosphate buffer saline (PBS) solution containing pure HA
and different concentrations of Cr-HA of 0.0, 0.5, 1.0, 1.5,
2.0, and 2.5 and samples were incubated for 1 h at 37°C.
After the 1 h incubation period, all tubes were centrifuged
at 5000 rpm for 6 min and the obtained supernatant solu-
tion was carefully collected and transferred to a 96 well cell
culture plate for spectroscopic analysis. The optical density
(OD) was measured by BIORAD 680 at 570 nm. Similarly, a
phosphate buffer saline (PBS) solution was used as a nega-
tive control and deionized water was used as a positive con-
trol by mixing both of these liquids with 0.2 m1 of blood.

The degree of Hemolysis of pure HA and Cr-HA was calcu-
lated by the following equation.

Hemolyss(%)

— 0.D. of sample—0.D. of negative control
0.D. of positive control-0.D. of negative control

% 100 (2)

3. Results and Discussion

3.1. Thermogravimetric analysis

Thermogravimetric analysis (TGA) curves of pure HA and
of the representative Cr-HA-5 are depicted in Fig. 1. A total
of five different stages were observed during the total
weight loss. Between room temperature and 250°C, the first
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Fig. 1. TGA pattern of pure HA and Cr-HA-5 nanoparticles.
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Fig. 2. XRD patterns of pure HA and Cr-HA nanoparticles,
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stage of weight loss was observed to take place due to the
loss of physically adsorbed water. Due to the loss of organic
groups, chemisorbed water and attached solvent to the sam-
ple, the second stage of weight loss was found to occur from
250 to 450°C; this was followed by the third stage of weight
loss from 450 to 650°C. The fourth stage of weight loss from
650 to 870°C corresponds to the decomposition of carbonate
into CO,. The fifth stage from 870°C onwards shows weight
loss less than 0.65%. Therefore, for further characterization
and studies, all Cr-HA samples are calcinated at 900°C.

3.2. XRD analysis

Figure 2 shows the purity and phase formation at 900°C
for 2 h heat treated HA and Cr-HA.

The XRD of pure HA shows characteristic diffraction
peaks that are matched with the standard pattern of HA
(JCPDS card number: 09-432) and that confirm the crystal-
line phase formation. The XRD patterns of Cr-HA with 0.5,
1.0, 1.5, 2.0, and 2.5 concentrations are shown in Fig. 2. The

(b)

Cwitom weage |

Fig. 3. SEM images of (a) pure HA (b) Cr-HA-1, (¢) Cr-HA-2, (d) Cr-HA-3, (e) Cr-HA-4, and (f) Cr-HA-5.
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formation of pure phase Cr doped HA without any other sec-
ondary phases and matching all the diffraction peaks were
observed. Peak intensity and broadness were found to
decrease with an increase in the addition of Cr"* concentra-
tion in the HA crystal structure.

The crystallinity and size of the crystallites were found to
decrease from 0.5 to 2.5% due to the integration of Cr* ions
into the HA lattice. In the HA lattice it was observed that
there was a slight change in the lattice parameter values,
ie. the “a” and “c” axes increased in the Cr™ ion dopant,
which indicates the slight replacement of Ca** with Cr* ion.
The Debye Scherrer equation was used to calculate the crys-
tallite size (I)) from the Gaussian fit of the most intense
peak (211).

0.94

D= Pcosd &)

where A is the wavelength of Cu-Ka radiation (4 = 1.5405
A), B 1is the full width at half maxima of the most intense
peak (211), & is the corresponding Braggs diffraction angle,
and D is the crystallite size. The average crystallite sizes of
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HA and Cr-HA were found to be 28.50 nm and 22.12 nm,
respectively. The reflection peaks are quite broad, suggest-
ing their nanocrystalline and pure nature.

3.3. SEM-EDAX analysis

The surface morphology and chemical composition of pure
HA and Cr-HA with various concentrations are shown in
Figs. 3 and 4, respectively. In the case of bone fracture crys-
tal, the size distribution of the bone material plays an
important role.*” Fig. 3(a), showing pure HA, reveals that
the particles are agglomerates, consisting of small size and
fine crystallites. Fig. 3(b,c,d.ef) provides SEM images of the
0.5, 1.0, 1.5, 2.0, and 2.5 samples of Cr doped HA; these
images indicate the morphology of the particles and the size
of the particles. It was observed that, with the increase in
the Cr* concentration in the HA lattice, an irregular shape
of particles resulted. The EDS patterns of HA and Cr-HA
show the elemental compositions of Ca, P, O, and Cr. The
elemental composition of HA and Cr-HA is tabulated in
Table 1. The obtained atomic ratios suggest that the sam-
ples are stoichiometric. The obtained Ca/P atomic ratio for
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Fig. 4. EDS spectrum of (a) pure HA, (b) Cr-HA-1, (¢) Cr-HA-2, (d) Cr-HA-3, (e) Cr-HA-4, and (f) Cr-HA-5.
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Table 1. Elemental Composition of HA and Cr-HA Nano-

particles
Atomic % composition

Hemple Cr Ca P 0

HA - 32.33 19.52 48.15
Cr-HA-1 0.94 26.15 17.47 55.38
Cr-HA-2 1.95 26.09 17.46 54.50
Cr-HA-3 2.27 23.12 15.93 58.68
Cr-HA-4 3.57 23.25 16.12 57.06
Cr-HA-5 4.48 2290 16.20 56.42

pure nanocrystalline HA is 1.66, which is close to the stan-
dard value (Ca/P = 1.67). The Ca/P atomic ratios (1.50, 1.49,
1.45.1.44, and 1.41) for the Cr-HA samples are almost equal
to the standard, as is shown in Table 1. It can be seen that
there is a slight decrease in the Ca/P atomic ratio in the Cr-
HA samples. The obtained results reveal the proper substi-
tution of Ca with Cr metal ions during the synthesis pro-
cess. The Ca/P atomic ratios between 1.33 - 1.55 could be
very beneficial for the formation of new bone in-vivo.

3.4. TEM analysis

TEM analysis results of pure HA and Cr-HA calcined at
900°C for 2 h are shown in Fig. 5. The results for pure HA
shown in Fig. 5(a) indicate the slight agglomeration of parti-
cles with rod shape morphology; the size was found to be in
a range of 100 nm in diameter with homogeneous micro-
structure. The representative samples of Cr-HA in Fig. 5(b)
show the rod shape with slight agglomeration, which strongly
confirms the crystallite size of the XRD and SEM analysis.

The enhancement in the formation of rod shape indicates
that the amount of Cr™ consists of replacement of Ca*" ions
in the HA crystal structure during the synthesis process,
which can have an effect on the nucleation of particles and
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can lead to particle agglomeration. The inset of Fig. 5(a) and
(b) shows the corresponding SAED patterns of the HA and
Cr-HA5 samples. The presence of bright ring patterns con-
firms the polycrystalline nature of the Cr-nanoparticles.

3.5. In vitro biocompatibility study

To examine in detail the biocompatibility of HA and Cr-
HA, it is suggested to use several cell-based assays in differ-
ent cell lines with different incubation times and doses of
nanoparticles. Using MTT assay, the pure HA and Cr-HA
powder that was used in the compatibility study is exam-
ined to wverify the cell viability and cytocompatibility
behaviour of the Hela (Cervical cancer) cells and 1929
(mouse fibroblast) cells for incubation times of 12 and 24 h
at different concentrations from 10, 50, 100, 200, 400, and
800 pg/ml. The percentages of cell viability are shown in
Fig. 6. The obtained results for the MTT assay reveal that
as the concentration of the nanoparticles and the incubation
time increase, these factors gradually decrease the cell via-
bility. The Hela and 1.929 cells were highly compatible and
metabolically active when they were in contact with the 10,
50, 100, 200, 400, 800 pg/ml sample concentrations. Previ-
ous reports are available on teh cytotoxicity effects of
certain nanoparticles in the MTT assay and on the mecha-
nism of the cytotoxicity due to nanoparticles.***” It has been
reported that when nanoparticles are present on the cell
surface they affects the plasma membrane after a certain
period of time and cause the breakdown of the cell wall of
the cell® Then, after the nanoparticles are removed from
the cell surface and both the cells are stained with MTT, the
MTT moves into the cells and passes into the mitochondria,
where it is reduced to coloured formazan, an insoluble prod-
uct because living cells decrease yellow tetrazolium salt to a
purple dye. Then, these cells can be dissolved with isopropa-
nol (an organic solvent) and the obtained formazan can be
spectrophotometrically measured. The reduction of MTT is

Fig. 5. TEM images of (a) HA and (b) Cr-HA-5. (Inset: corresponding SAED pattern).



164
'f} - Contral
1001 B
- s
ol ] =
80+ T T
£ n ; i
= 60
=
= %
o
T
30+
20+
104
0 10 50 00 200 400 800
Concentration (pg/ml)
100+
l_m 4
s{l =
Zw
=
2 o
=
= s
o
oW
w <
204
10
n-
0 10 50 100 W0 400 800
Concentration (pg/ml)
(e) i- Control
- |
=
=
K.
-
=
&)
=

00
Concentration (pug/ml)

400

] 10 50 100

800

Journal of the Korean Ceramic Society - Sneha S. Bandgar et al.

% Cell viability

Vol. 54, No. 2

() B oot
T

0 10 50 100 200 400 800
Concentration (pg/ml)
i ) =|IC;.mml
004 b
80 -
704 . . B
.
[
50
40

% Cell viability

% Cell viability

0 10 50 100 200 400 800

Concentration(pg/ml)

400

$00

] 10 50 oy 200
Concentratiom ( pg/ml)

Fig. 6. Biocompatibility study on Hela cervical cell line. (a) pure HA, (b) Cr-HA1L, (¢) Cr-HA5. Biocompatibility study on L929 cell

line (d) pure HA (e) Cr-HA1 (f) Cr-HAS for 12 and 24 h.

only known to occur in metabolically active cells. A higher
cell eytotoxicity is observed for the Hela cells as compared to
that of the 1.929 cell lines. The cell viability values for the
800 pg/ml sample of pure HA or Hela cells are observed to
be about 69 and 62%; for the Cr1-HA nanoparticles, these

values are 78 and 73%, and the Cr5-HA nanoparticles on
Hela cells are observed to have values of about 89 and 86%
for 12 and 24 h, respectively.

The cell viability values for the 800 pg/ml samples of pure
HA and 1,929 cells are observed to be about 73 and 65%:; for
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the Cr1-HA nanoparticles, these values are 82 and 75%,
and for the Cr5-HA nanoparticles these values are about 91
and 88% for 12 and 24 h, respectively. The same nanoparti-
cles show different levels of cell viability between cell lines;
it is probable that this is due to differential cell vision effects
(differential interactions with the same nanoparticles in dif-
ferent cells, known as “cell vision” effects), the surface prop-
erties of the cell types, and differences in the cell morpho-
logy Moreover, different cell types show different levels of
metabolic activity.** From the observed results it is clear
that a higher cytotoxicity is observed in the HA as compared
to the Cr-HA nanoparticles. It is reported that HA is bio-
compatible with the L929 cells.”’ The obtained results
reveal that the viability of the Hela and 1.929 cell lines is
affected by the presence of Cr(IIl), suggesting that Cr-HA
nanoparticles do not possess a toxic effect and are highly
biocompatible. Cr doped HA nanoparticles can possibly be
used for further in vivo applications.

3.6. In vitro Hemocompatibility

Hemocompatibility is essential characteristic for materi-
als that are intended for use as implants or that are in
direct contact with blood. A hemolysis assay was performed
to study the effects of HA and Cr-HA on hemolytic activity
and on the integrity of the RBC membrane. The hemolytic
ratio was reported to be in three categories including < 2%,
2 - 5%, and >5%; these shall be labelled as slightly non
hemolytic, hemolytic, and hemolytic, respectively.*” The
obtained hemolytic results for pure HA and Cr-HA are
shown in Fig. 7. The hemolytic ratio was found to progres-
sively improve in a range from HA to HA samples doped
with various concentrations of Cr. These results allow us to
conclude that pure HA and Cr-HA1 have hemolytic ratios of
1.0 and 1.1%, which indicate that these materials are
exceedingly hemocompatible and have hemolytic ratios less
than 2%. On the other hand, the Cr-HAZ2, Cr-HA3, Cr-HA4,
and Cr-HA5 samples of Cr doped HA have been found to
have hemolytic ratios of 1.8, 2.7, 3.9, and 4.6%, respectively,
which mean that this group is slightly toxic (haemolytic

e
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Hemolytic ratio (%)

0 T T T T T T
HA Cr-HA1l Cr-HA? Cr-HA3  Cr-HA4 Cr-HAS

Fig. 7. In vitro hemocompatibility study of pure HA, Cr-HA1,
Cr-HA2, Cr-HA3, Cr-HA4, and Cr-HA5.
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ratio in range of 2 - 5%) toward red blood cells. Therefore,
the hemolytic ratio was observed to increase in a range from
HA to Cr doped HA due to the increase in the combination
of Cr doping. Due to the Cr doping, HA decreases in terms of
its crystalline nature, which leads to a rise in the level of
resorption. The released Cr ions may interact with RBC
membranes and cause breakage; lastly, they can release
hemoglobin (Hb) from erythrocytes.” The observed data for
HA and Cr-HA are near to the reported limit (5%). There-
fore, the observed data confirm that pure HA and Cr-HA
show hemolytic ratios less than 5%; the data also reveal
that the developed Cr-HA can be used for in vive biomedical
applications.

4. Conclusions

In this present research work, we have successfully syn-
thesized pure HA and Cr-HA (0.5, 1.0, 1.5, 2.0, and 2.5) by
solution combustion method. The XRD analysis confirms
the pure phase formation of Cr doped HA without any other
secondary phases; it was concluded that the crystallite size
and the crystallinity slowly decreased with moderately
increased lattice parameters in a range from Cr-HA1 to Cr-
HAS due to the replacement of Ca® with Cr” ion in HA.

The SEM and TEM analysis confirmed a rod shaped sur-
face morphology with good agglomeration of Cr-HA. The
EDS spectra of HA and Cr-HA confirm the existence of Ca,
P, and Cr elements and confirm that the Ca/P ratio is in a
range of 1.41 - 1.66. In vitro hemocompatibility results reveal
the very compatible nature of this material with RBC and
HA; Cr-HA shows a hemolytic ratio of less than 5% and this
confirms that these Cr-HA powders have good hemocompat-
ible behaviour. In vitre cytotoxicity study was performed on
Hela and 1.929 cell lines and the results indicated that both
types of cells were highly cytocompatible up to a concentra-
tion of 800 pg/ml and for a duration of 24 - 48 h; this
compatibility might be due to the release of Cr"™ ions from
the Cr-HA powder. Therefore, these in vitro biological stud-
ies proved that Cr doped HA powders can be used as prom-
ising ceramic materials for biomedical applications.
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