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Abstract More than a thousand tonnes of fish bone
wastes can be transformed into biomedical products
annually. Alkaline hydrolysis and thermal calcifi-
cation were used to create nanosized hydroxyapa-
tite (HAp) crystals from Silver carp bone wastes.
Biophysical tests were used to determine the nano
size and chemical composition of synthesised
hydroxyapatite. Alkaline hydrolysis hydroxyapatite
(AH-HAp) was 58.3 nm, while Thermal calcination
hydroxyapatite (TC-HAp) was 64.3 nm in size, con-
firmed by Atomic Force Microscopy. Energy Disper-
sive X-ray Analysis studies showed Ca/P (Calcium
phosphate) ratio of AH-HAp to be 1.65, whereas
TC-HAp as 1.45, confirming AH-HAp to be organi-
cally rich along with a similar Ca/P ratio as natu-
ral HAp. Fourier Transform Infrared Spectroscopy
spectra indicated HAp formation from both proce-
dures, however AH-HAp had superior crystallin-
ity than TC-HAp confirmed from X-Ray Diffraction
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spectra. MG63 osteoblast cell lines showed 91% cell
viability in cytotoxicity studies and 70.1% prolifera-
tion efficiency in Alkaline Phosphatase assay, which
was higher than TC-HAp. The present study shows
that HAp produced via alkaline hydrolysis has bet-
ter biocompatibility which enhances its applicabil-
ity as a biomaterial, than HAp synthesized through
thermal calcination, which tends to incinerate organic
moieties.

Keywords Alkaline-hydrolysis - Biophysical-
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Introduction

Hydroxyapatite (Ca,y(PO,)s(OH),), a calcium phos-
phate ceramic is an integral part of bone and teeth
in livings beings is widely used as a biomaterial due
to its non-toxic, non-inflammatory and nonimmuno-
genic behaviours (Barakat et al. 2009; Sossa et al.
2018). Individually porous and dense HAp with a sto-
ichiometric molar ratio of Ca/P to be 1.67 have been
dynamically studied and examined as implant materi-
als for dental and orthopaedic purposes as they dis-
play significantly good osteocoductivity/inductivity
(Boutinguiza et al. 2012). There is plenty of research
ongoing currently regarding the production of pro-
ficient quality of HAp demonstrating substantial
biocompatible properties along with an economical
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and eco-friendly production methods. Nano scale
hydroxyapatite can be manufactured from synthetic
(chemical precipitation, hydrothermal, sol-gel meth-
ods) and natural sources (chicken, bovine and fish
waste) (Sadat-Shojai et al. 2013). However, the lack
of Fe**, Mg?*, Si**, Na*, F~ ions, a distinguishing
property of the osseous apatite, is a major drawback
of HA produced via chemical synthesis along with
the processes being complicated and also it removes
the carbonate groups which negatively affects bio-
logical properties of HAp (Akindoyo et al. 2017;
Sossa et al. 2018). HAp obtained from animal bones
offers the benefit to conserve a handful properties of
the precursor material like the intact structure and its
chemical composition (Boutinguiza et al. 2012).

After understanding the HAp preparation from
natural sources is advantageous, research on stand-
ardising the protocol in order to get maximum yield
and retain the crystal properties is of dire need. Sin-
tering the bone sources in dry or wet air from 800
to 1200 °C is currently followed as they retain the
crystallinity and functional groups, but they do pos-
sess certain disadvantages as at extreme temperatures
HAp loses its OH groups progressively and gets con-
verted to oxyapatite rendering its loss of hydroxyapa-
tite phase (Venkatesan et al. 2011). On the other
hand, employing alkaline hydrolysis method to pro-
duce biologically compatible HAp from bone waste
has drawn attention since it involves usage of less
harmful chemicals and yet aids in greater yield with
retainment of chemical structure. A comparative anal-
ysis between the two methods signifies the novelty of
the work in understanding which process gives a bet-
ter yeild with properties to be retained.

An estimation of more than 91 million tons of fishes
are trapped every year across the world and out of
which only 50-60% of it is used for human consump-
tion food due to its recommended nutritional values
and easy accessibility, while rest is discarded as waste
as per FAO reports(Boutinguiza et al. 2012; Salim).
Hence, a generous amount of waste that includes scales,
bones and skin are discarded which needs a suitable
mode of processing that are major source for calcium
and phosphate content from which hydroxyapatite can
be derived (Deb et al. 2019). On the foundation of these
study reports, in our current research, we have recog-
nised the source of HAp to be from Hypopthalmichthys
molitrix (Silver carp) fish bone waste. Abundant stud-
ies have been conducted to produce HAp from different
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natural sources like cuttlefish (Sepia officinalis),sword
fish (Xiphias gladius), Japanese sea bream, tuna
(Thunnus thynnus) fish, sardinia longiceps, Salmon
fishes(Venkatesan et al. 2015; Sunil and Jagannatham
2016; Surya et al. 2021). Silver carp fish is one of the
major commercial fish species of India, especially
along the Southern part of India and are extensively
used as a food source. To the best of our knowledge,
very less research on silver carp fish waste recycle has
been conducted and also no specific reports on syn-
thesis of HAp from it has been achieved yet, however
different methodologies have been used to extract only
calcium components from the same source(Yin et al.
2017). Therefore, the principal purpose of our study
was to synthesize nano- range HAp from Silver carp
bone waste and contribute in neutralizing the caused
pollution. Consequently, this waste can be used as raw
materials in biomedical and regenerative medicines as
an alternative to synthetically produced HAp. Two dif-
ferent approaches to isolate nano hydroxyapatite from
silver carp bones were followed, the alkaline hydroly-
sis method: a new technique to isolate HAp and ther-
mal calcination method: traditional way of isolation
of hydroxyapatite.The extracted and synthesised nano
HAp have been characterised and compared through
biophysical spectral studies, and also examined for its
biocompatibilities in utilisation of the biomaterial in
various biomedical engineering fields.

Materials and methods
Sample collection

The disposed silver carp fish waste was collected and
bought in an ice box from a nearby market area from
Bangalore city, Karnataka, India and refrigerated at
— 20 °C until the next step of experimental design.
Further these bones were separated from the collected
from silver carp flesh adhered around using cutter,
scels and cleansed.

Preparation of n-hydroxyapatite

Alkaline hydrolysis method

Surya et al., (2021) and (Venkatesan et al. 2015) pro-
tocol was followed in the extraction of hydroxyapatite

from bones via Alkaline hydrolysis method with slight
modifications.The separated and cleansed bones were
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dried and boiled for 1 h with 2L of distilled water to
remove the remaining adhered skin and flesh. These
bones were then transferred into 250 ml of 2% NaOH
and 10 ml of acetone mixed solution and boiled for 1 h
for the removal of additional lipids and proteins along
with other organic impurities. The washed bones were
placed in sterile hot air oven at 80 °C for 2 h for com-
plete evaporation of moisture. The dried bones were
cooled and later crushed by means of a mortar and
pestle.

The pre-treated crushed bone powders were fur-
ther again treated with 5% NaOH solution and boiled
at 70 °C with continuous stirring at 400 rpm for 3 h.
Later, the obtained powder was filtered and the pre-
cipitate was rinsed with double distilled water several
times till a clear white precipitate was obtained, the
pH of the solution was set to 7 with 0.1 M H;PO,. The
washed precipitate was desiccated at 80 °C in a sterile
hot air oven for 1 h to obtain dry hydroxyapatite (HAp)
powder.

Calcination method

For the calcination process, the bone samples were
cleaned and desiccated in a sterile hot air oven at 80 °C
for 1 h to wash away the moisture content. After the
drying process, these bones were slightly crushed and
placed in a ceramic crucible that was subsequently
heated in a muffle furnace at 900 °C for 3 h with con-
trolled heating system maintained at 10 °C/min to
obtain hydroxyapatite crystals. Further the powder
was cooled slowly to room temperature (Abifarin et al.
2019).

Percent yield

The percent yield of isolated HAp from both the meth-
ods were calculated to determine and deduce an opti-
mum method. It was calculated based on the formula
(Hasan et al. 2020),

Weight of HAp in gms

Yield % = — -
Weight of Bones in gms

x 100

Biophysical characterisations of AH-HAp and
TC-HAp samples

FTIR spectrum analysis

Fourier transformed infrared spectroscopy (Thermo
Fischer Scientific) was performed for both the sam-
ples in the range of 400-4000 cm~'. Background
scan and sample scan were consecutively meas-
ured at a resolution of 4 cm™! and 2.8 mm/sec mir-
ror speed for a total of ten scans. The synthesised
samples were placed on the diamond crystal and
clamped using pressure gauges. Prior to background
data collection, the spectral data of test samples
were recorded and the functional groups present
were identified and analysed (Esmaeilkhanian et al.
2019).

XRD analysis

The phase and crystallinity of both the synthesised
HAp powders were evaluated using an X-ray diffrac-
tometer with a 20 range of 5°-70° using a Rigaku
D/Max X-ray diffractometer with Cu Ko radiation
source with a wavelength of 1.54 A and scanning
rate maintained at 10° min~'. The current and voltage
was set to 120 mA and 40 kV respectively (Mir et al.
2012).

Atomic force microscopy

The surface roughness, morphology, and crystals
size estimation were observed using atomic force
microscopy A-100 AFM (APE Research, Italy) for
HAp samples operating in contact mode. The canti-
levers have a spring constant k=0.03 Nm™! and tip
curvature radius R=235 nm. For a stronger and bet-
ter understanding of the particles 2D and 3D pictures
of the samples were also collected accordingly (Jaber
et al. 2018).

EDX analysis
To account the chemical composition of AH-HAp

and TC-HAp, Energy dispersive X-ray spectroscopy
(EDX) technique (8100-Shimadzu) was employed
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and the Calcium/Phosphate ratio (Ca/P) was calcu-
lated accordingly(Granito et al. 2018).

SEM analysis

Surface morphological studies of AH-HAp and TC-
HAp was carried out using scanning electron micro-
scope (SEM). HAp crystals were layered with gold
and was studied with magnification of 1000X and
3000X (S-4700, Hitachi Ltd., Tokyo, Japan). The
interfaces were surveyed in secondary electron mode
at 1 keV accelerating voltage and 10 mA emission
current.

In vitro studies
Haemolytic assay

Haemolytic testing of synthesised HAp powders
was performed according to ISO 109934 protocol.
5 ml of human blood was collected from a volunteer
with consent from institution’s ethical committee
and diluted 40 folds with saline water. Different con-
centrations of test samples (AH-HAp and TC-HAp)
were incubated with 1 ml of prepared diluted blood
at 37 °C for 60 min. Triton100X with PBS and PBS
alone were taken as positive and negative control
respectively. Post incubation period, centrifugation
was carried out at 280xg for 10 min and absorbance
was noted at 540 nm using UV/Visible spectropho-
tometer. The percentage of haemolysis was calculated
using below mentioned formula:

O'Dmmple
Hemolysis% = <—> x 100

MTT assay

Cytotoxicity and viability of MG63 osteoblast cells
lines were determined using the 3-(4, 5-dimethylth-
iazol-2-yl)-2, 5-diphenyl tetrazolium bromide MTT
assay. MG63 osteoblast cells (1 X 10°cell/ml) were
seeded on 96 well plates containing DMEM (Dul-
becco’s Modified Eagle Medium) media with 10%
Foetal bovine serum and incubated at 37 °C for
24 h. The different concentration of AH-HAp and
TC-HAp (62.5-500 pg/ml) was added to the wells
containing cells and followed by an additional 24 h
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of incubation. After the incubation period, the cul-
ture media was decanted and fresh media compris-
ing MTT reagent (0.5 mg/ml) was added followed
by incubation of the plate for 5 h prior addition of
100pls of DMSO (Dimethylsulfoxide). The absorb-
ance at 570 nm was measured using a Biorad micro-
plate reader (Aramwit et al. 2010).

Alkaline phosphatase (ALP) activity

100 pl of the diluted cell suspension (50,000 cells/
well) was added to 96 well plates and incubated for
24 h under standard conditions. After the formation
of monolayer, the media was decanted and further
rinsed with fresh media. To this 100 pl of vari-
ous concentration of AH-HAp and TC-HAp were
added. The culture plates were further incubated for
24 h at 37 °C in 5% CO, atmosphere. Post incuba-
tion, 50 ul working reagent containing 0.32 mmol/L
of 2- Amino 2-Methyl-Propanol, 1 mmol/L of Zn
SO,, 4 mmol/L of Magnesium Acetate along with
10 mmol/ of PNPP (p-nitrophenyl phosphate) was
added to 50 pl of test solutions. Absorbance was
noted at 405 nm every 1 min. ALP activity was
determined using below mentioned formula,

ALPactivity = AAbsorbance™" min x2720

AAbsorbance™" min = Mean absorbance change per min.

Alamar blue assay

MG63 osteoblast cell lines (5x 10°cells/ml) were
added to 96 well plate and allowed to form a mon-
olayer at 37 °C for 24 h with 5% CO, supplied con-
stantly. Once the monolayer was formed, media was
decanted and fresh media containing different test
concentrations was incubated following by addition
of 20 pl of Alamar blue reagent. The plates were
incubated at 37 °C in 5% CO, incubator for 4 h. Flu-
orescence was measured at excitation wavelength of
560 nm and an emission wavelength of 590 nm. The
proliferation was represented as percentage and was
calculated based on the RFU values obtained.
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Statistical analysis

All experimental trials were conducted in triplicates.
The graphs are represented as +mean standard errors
bar with respective subsets. To ascertain the signifi-
cance level (p<0.05) of obtained results one way
ANOVA and post hoc Tukey’s test was conducted
using SPSS software version 28.0.

Results and discussion
Percentage yield

Percentage yield of HAp from both the methods were
calculated to determine the weight of extracted test
samples irrespective of the methods. Dry weights of
bones were noted prior the treatments and the weight
of the obtained powder were noted as well. 69.9% of
HAp was obtained from Alkaline hydrolysis, while
a comparatively lower percent of 50.1% of HAp was
obtained from the thermal calcination method. How-
ever, the obtained percent yield of HAp powders from
thermal calcination and alkaline hydrolysis methods
were in close accordance with (Barakat et al. 2009;
Afridah et al. 2021) reports confirming the extrac-
tion efficiency. Nevertheless, the yield obtained from
alkaline hydrolysis method was higher than the yield
from thermal calcination signifying its efficiency in
methodology. The possible explanation for higher
yield could be due to retained organic moieties in this
method when compared to that of calcination tech-
niques (Venkatesan et al. 2011).

Biophysical characterisation of hydroxyapatite (HAp)
— AH-HAp and TC-HAp

FTIR spectral analysis of AH-HAp and TC-HAp

Structural investigations of specific functional groups
were identified using FTIR absorbance profile. Fig-
ure 1 represent the normal transmittance-FTIR spec-
tra of HAp from both proposed methods. Distin-
guishing bands corresponding to carbonate groups
(CaCOs3), a major component of hydroxyapatite is
located at 1408 cm™! for both the powders because of
the aromatics C—C and N-O stretching (Surya et al.
2021) which additionally confirms the synthesis of
hydroxyapatite. These bands are also indicative of

formation of B-Type apatite by replacement of phos-
phate ions with carbonate ions(Abifarin et al. 2019).
They also specify that the CO32_ groups are free from
organic matter, thus authenticating the elimination
of organic part and the presence of carbonated HAp
crystals (Venkatesan et al. 2011). Another, determina-
tive pointer of HAp was in the form of a pronounced
sharp band at 1012 cm™! and at 1020 cm™! for AH-
HAp and TC-HAp respectively describing the asym-
metric stretching mode of vibration of PO, group. As
well, the bands between 560 and 600 cm™' match to
symmetric P-O stretching vibration of PO, group that
was very much evident in both the synthesised pow-
ders. Additionally, as an added confirmation no traces
for acid phosphate (HPO,?) was observed as there
were no visible peaks around 540-530 cm™' that
are considered to be characteristic peaks for unde-
veloped bone mineral or incomplete apatite phase
(Farmer 1974). These obtained bands were compared
and found to be similar with the HAp spectrum in
different studies (Gergely et al. 2010; Abifarin et al.
2019). The study revealed the isolation of carbon-
ated hydroxyapatite and also the similarities of FTIR
spectral data from both methods. These synthesised
carbonated HAp from our study display possible ben-
eficial applications in tissue engineering with good
biocompatibility, osteointegration, high osteoconduc-
tivity as the mineral phase of bone is majorly com-
posed of carbonated Hap (Venkatesan et al. 2011).

XRD spectral analysis of AH-HAp and TC-HAp

XRD is an effective qualitative and quantitative
technique used to analyse the crystalline phases
in materials. The XRD pattern obtained from AH-
HAp and TC-HAp are displayed in Fig. 2. It has
been reported that the biological response of HAp
depends on its physicochemical properties, includ-
ing crystal size and composition. Acceptance rate in
tissue engineering will be higher if the synthesised
HAp exhibits similarity in size and crystal dimen-
sions to that of human bone tissue. The XRD pat-
tern of the AH-HAp exhibited the characteristic
planes of hydroxyapatite including a high intensity
peak at 31.9° corresponding to 211 plane along
with 002, 102, 210, 211, 112, 300, 202, 301, 212,
,203, 222, 312, 213, 321 planes while TC-HAp also
displayed high intensity peak at 31.9° and all other
similar peaks as of AH-HAp. The spectral pattern
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Fig. 1 FTIR Spectral graphs of AH-HAp and TC-HAp: characteristic HAp peaks with a carbonate peak at 1408 cm™! confirms the

formation of B-type apatite

from both the methods were matched with JCPDS
9-0432 file corresponding to Hydroxyapatite which
confirmed that the crystals of HAp had no impuri-
ties and was purely hydroxyapatite. However, a
noticeable pattern in XRD spectra is the sharpness
of the obtained peaks in TC-HAp which is related
to the removal of organic moieties due to increased
temperature treatment. The spectral pattern of
AH-HAp has lesser sharper peaks comparatively
confirming the retainment of the organic content.
Also, the increased peak width of AH-HAp and
the decreased peak width of TC-HAp indicates that
size of crystals acquired from alkaline hydrolysis
technique is likely smaller in comparison with ther-
mal calcination technique(Venkatesan et al. 2011;
Mustafa et al. 2015).Hence it can inferred that
Alkaline hydrolysis treatment is comparatively a
better procedure as it has not influenced the chemi-
cal structure of hydroxyapatite and also has retained
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its organic moieties which will assist in providing
better osseoinduction when used a raw material in
biomedical industry.

Atomic force microscopy studies of AH-HAp
and TC-HAp

The crystal size of AH-HAp and UT-HAp was tested
to confirm the nanophasic structure and is shown in
Fig. 3. As per the results of atomic force microscopy,
the average size of crystals of AH-HAp was found
to be 58.3 nm (Max size: 196.6 nm) while TC-HAp
crystals had an average size of 64.3 nm (Max size:
256.5 nm). Size determination is an important cri-
teria in understanding its utilisation as a raw mate-
rial in bone tissue engineering field. From the AFM
studies, it clearly justifies that HAp synthesised from
alkaline hydrolysis method with a lower crystal size
displays greater applicability in biomedical field as
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Fig. 2 XRD spectral graphs of AH-HAp and TC-HAp: Characteristic HAp planes matching with JCPDS 9-0432 file, along with a

high intensity peak at 32° (211)

it can facilitate greater cell to surface interaction and
act as a better osteoconductive agent (Rios-Pimen-
tel et al. 2019).In thermal calcination technique,
due to high temperatures the crystal agglomeration
takes place leading to increased size, while this is
avoided in alkaline hydrolysis method that possibly
helped in retaining the crystal size in a lower nano
range(Venkatesan et al. 2011).

EDX analysis of AH-HAp and TC-HAp

In order to establish the synthesis of hydroxyapatite
from the proposed methods, electron diffraction X-ray
analysis was performed (Fig. 4). The Ca/P ratio is
nearly 1.67, which defines the chemical formula of
the standard hydroxyapatite (Barakat et al. 2009). The
Ca/P ratio of AH-HAp and TC-HAp was determined
to be 1.65 and 1.45 respectively from EDX reports.
The different states of apatite stages present in HAp
include calcium phosphates such as amorphous cal-
cium phosphates, brushite (CaHPO,.2H,0), monetite
(CaHPO,), tricalcium phosphate [Ca;(PO,),] (TCP),
o-TCP and B-TCP, and hydroxyapatite. The Ca/P ratio
of these are 0.5, 1.0, 1.3, 1.5 and 1.67 respectively
(Fiume et al. 2021). Ca/P ratio of AH-HAp is match-
ing to the 1.67 value for its pure hydroxyapatite state

than TC-HAp which still is in an intermediate step
towards the formation of HAp. However, observation
of small amount of Na and Mg ions in EDX results
of HAp is in accordance with the published studies.
Also, occurrence of Mg is beneficial as these Mg ions
is one of the essential micronutrient that is necessary
for tissue metabolic events (Sunil and Jagannatham
2016). The results illustrate that the synthesised HAp
from silver carp fish waste by following alkaline
hydrolysis method is in its pure form with stoichio-
metric Ca/P ratio that can be used as a capable bio
ceramic material in the medical engineering fields.

SEM analysis of AH-HAp and TC-HAp

The SEM micrographs of TC-HAp and AH-HAp at
1000x and 3000 X magnification are illustrated in
Fig. 5. Crystals of AH-HAp displayed a conserved
rod like and flaky structures due to the possible occur-
rence of collagen type 1, an organic material which
could have retained in alkaline hydrolysis method that
is visible in SEM results. The crystals of TC-HAp
displayed a powdery image that explains the agglom-
eration due to its formation at higher temperatures.
From this investigation, we can conclude that AH-
HAp in its nano range with its organic constituents
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Fig. 3 AFM profile of AH-HAp and TC-HAp: Nano crystals of AH-HAp are in the range of 50-196 nm, while TC-HAp ranged

from 60 to 256.5 nm

facilitates better properties as a bioactive component
in bone scaffolds as regenerative medicines in its
native form.

Invitro studies of AH-HAp and TC-HAp
Haemolytic activity of AH-HAp and TC-HAp

The invitro blood compatibility of AH-HAp and TC-
HAp at different concentrations was done according
to ASTM F756-00 that classifies, test components
displaying haemolytic activity below 5% as non-
haemolytic (non-toxic) and anything higher than 5%
to be haemolytic (toxic). It is significant to determine
the haemolytic potency of any component, particu-
larly a nanoparticle that has to be administer in the
human body. Table 1 shows that AH-HAp displayed
2.24, 2.30, 3.19, 3.23, 3.35% of haemolysis while
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TC-HAp displayed 3.94, 4.78, 5.12, 7.76, 9.22% of
haemolysis at increasing concentrations. TC-HAp has
showed more haemolytic (toxic) activity than AH-
HAp. Reports have suggested that synthetic HAp and
TC-HAp display toxicity (Jadalannagari et al. 2014;
Palanivelu and Ruban Kumar 2014) compared to AH-
HAp which is coinciding with our data. The good
hemocompatibility nature of AH-HAp confirms us
that it is nontoxic and can be used as drug system for
a human body.

MTT assay

To evaluate the cell viability and proliferation of AH-
HAp and TC-HAp, the MTT assay on MG63 cells
were carried out and images have been displayed
at all concentrations describing the growth pattern
(Fig. 6 and 7). It is observed that AH-HAp from
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AH-HAp Ca Element Weight % Atom %
500 Line
CcK 9.20 15.51
oK 46.68 59.10
Na K 2.56 2.26
400 - Mg K 0.57 0.47
PK 13.07 8.55
CakK 27.93 14.12
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oK

Na K
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CaK
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Element Weight % Atom %

21.33 32.04
44.45 50.13
2.55 2.00
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10.74 6.26
20.34 9.16
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Ca/P molar ratio: 1.46

200

100

10

Fig. 4 EDX spectral graphs of AH-HAp and TC-HAp: Ca/P ratio of AH-HAp and TC-HAp was determined to be 1.65 and 1.45

respectively

fish bone significantly promoted 91% of cell viabil- Previously, (Sathiskumar et al. 2019) has reported
ity at a concentration of 500 pg/ml, while TC-HAp synthesis of nano hydroxyapatite from Cirrhinus mri-
displayed 86% of viability at same concentration. gala fish waste and its viability was checked at lower
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Fig. 5 SEM micrographs of AH-HAp and TC-HAp: A and B — micrographs of AH-HAp at 1000X and 3000X; C and C- micro-

graphs of TC-HAp at 1000X and 3000X

concentration(5—100 pg/ml), however our reports
suggest higher percent of viability at higher concen-
tration confirming the efficiency of the synthesised
products. The chief influencing factor in cell viabil-
ity of MG 63 cells are source of bone extracted, its

Table 1 Percent Haemolysis of AH-HAp and TC-HAp: 3.35%
of haemolysis was observed from AH-HAp while, 9.22% from
TC-HAp made its lightly toxic in comparison with AH-HAp

HAp AH-HAp % haemolysis TC-HAp % haemolysis
Conc.

(mg/ml)

1 2.24+0.016 3.94+0.003

2 2.30+0.026 4.78 £0.007

3 3.19+0.021 5.12+0.010

4 3.23+0.021 7.76 +0.009

5 3.35+0.003 9.22+0.0076
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density, flexibility, crystallization, porosity with ele-
ment composition (Li et al. 2012). It is also reported
that the presence of CO_23, Mg** group and crystal-
line structure of HAp influences the cell adhesion and
promotion of cells under in vitro conditions (Shi et al.
2018). These results indicated that AH-HAp have
positive affect on differentiation of osteoblast making
it a novel component in bone regeneration.

Alamar blue assay

Metabolic activity of AH-HAp and TC-HAp on
MG63 cell lines are displayed in Fig. 8. with differ-
ent concentrations. AH-HAp treated cells showed
a significant cell proliferation of 20% (p<0.001)
compared to TC-HAp treated cells showing 15%
(p<0.001) at finial concentration (250 mg/ml). Our
reports are in accordance with (Shor et al. 2007; Yu
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Fig. 6 Adhesion pattern of MG63 osteoblast cell lines on AH-HAp and TC-HAp: cell lines on AH-HAp coated dishes at different
concentrations showed better adhesion than TC-HAp determining the comparatively higher toxicity levels of TC-HAp
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Fig. 7 Cell viability (%) of AH-HAp and TC-HAp: Cytotox-
icity of AH-HAp and TC-HAp was evaluated using MG63
cell lines. Cells without samples are denoted as untreated, test
samples as AH-HAp and TC-HAp displayed 91% and 86%
viability at highest concentration of 500 pg/ml. The obtained
results (n=3)+SD were found to be statistically significant
(p<0.001)

ALP activtiy
w H w o ~ [+
o o o o o o

N
o

[y
[=]

o

0 50 100 150 200 250 300
Conc (pg/ml)

Fig. 8 ALP activity of AH-HAp and TC-HAp: Percent-
age proliferation of AH-HAp and TC-HAp was determined
on MG63 cell lines with varying concentration. AH-HAp
showed greater ALP activity (70.1%) compared to TC-HAp
(56.8%) at final concentration of 300 pg/ml. The obtained
results (n=3)+SD were found to be statistically significant
(p<0.001)
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et al. 2009; Cozza et al. 2018) having similar cell
proliferation activity from PCL/hydroxyapatite and
natural hydroxyapatite from cuttlefish bone respec-
tively confirming the biocompatibility of the synthe-
sised material. HAp composition containing calcium,
sodium and phosphate play chief role in bone forma-
tion and bone resorption (Ducheyne and Qiu 1999).
During bone remodulation, activation of the intracel-
lular mechanism, metabolic processes in bone forma-
tion and calcification is involved by the presence of
calcium and silicone molecules (Hoppe et al. 2011).
Thus, HAp from natural bone source with retainment
of its native properties is proven to have the ability to
proliferate cells that leads in new bone formation and
resorption.

Alkaline phosphatase activtiy

MG63 cell line culture is used to check the activity
of ALP to evaluate the ability of bone cells to differ-
entiate and proliferate in presence of AH-HAp and
TC-HAp. Figure 9 display the ALP activity of MG63
cultured on AH-HAp and TC-HAp as substrate. From
the obtained results we could observe that ALP activ-
ity on AH-HAp was much higher (70.1%) than that
of TC-HAp (56.8%) activity during the incubation
period. This can be attributed to the stronger interac-
tion between AH-HAp and osteoblast cells in com-
parison with TC-HAp (p<0.005). Our reports show
significantly higher ALP activity compared to other

251 W AH-HAp

mTC-HAp D

Proliferation (%)

7 15 30 62 125 250
Conc (ug/ml)

Fig. 9 Percentage proliferation of AH-HAp and TC-HAp:
Alamar blue assay was conducted to determine the % prolifera-
tion of AH-HAp and TC-HAp at different concentrations. 20%
proliferation was displayed by AH-HAp and TC-HAp showed
15% at a highest concentration of 250 pg/ml. The obtained
results (n=3)+SD were found to be statistically significant
(p<0.001)
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reports (Ramires et al. 2001; Ressler et al. 2018). It
is reported that skeletal bone development requires
the right amount of osteoblast proliferation and differ-
entiation that modulates various signalling pathways.
From our result outcome, it is understood that AH-
HAp has facilitated increased proliferation indicat-
ing increased ALP activity as Alkaline phosphate is a
pointer of the osteoblastic phenotype and is expressed
only when differentiation of osteoblasts occur from
progenitor cells (Huang et al. 2011).Therefore,
T-HAp is an ideal material that can be used in bone
repair and hence can be used in fabrication of scaffold
for bone regeneration and development.

Conclusion

Powders of AH-HAp and TC-HAp were synthe-
sized using thermal calcination and alkaline hydroly-
sis methods. Our findings suggested that AH-HAp
revealed better structural properties and was well
within the nano scale limit in comparison with TC-
HAp as per the AFM studies. On the other hand,
XRD analysis helped us to notice that both HAp crys-
tals displayed single phase and FTIR results showed
typical functional group peaks confirming the extrac-
tion efficiency of both the proposed methods. Nev-
ertheless, AH-HAp offered better crystallinity suit-
able for biological applications than the TC-HAp.
Ca/P ratio of 1.67 was observed in AH-HAp, while
TC-HAp displayed lesser Ca/P ratio. The biocompat-
ibility tests including MTT, ALP and Alamar blue
assays of AH-HAp compared with TC-HAp have
shown higher cell viability and biocompatibility con-
firming the effectiveness of the alkaline hydrolysis
synthesis method. In a nutshell, it can be established
that alkaline hydrolysis is the best suitable methodol-
ogy for synthesis of HAp in nano scale than the ther-
mal calcination technique. The proposed hydrolysis
technique in the study has a benefit in synthesising
hydroxyapatite with essential physio-chemical and
bioactive characteristics like size, morphology, func-
tional groups and viability suitable for bone regen-
eration applications. Additionally, due to its superior
osteoconductive capability, synthesised HAp can be
greatly favoured in Bone Tissue engineering applica-
tions, where it is presently the most prevalent com-
mercial product utilised in clinical research.
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Future prospects

In the field of regenerative medicine, the HAp is
becoming increasingly important as a potential
alternative for autograft due to its unique properties.
The synthesised hydroxyapatite has characteristics
that can be efficiently utilised in bone tissue engi-
neering as a biocompatible material in various treat-
ments of ortho and dental applications. The way
HAp works with tissues is important. It is vital to
recognize how the host reacts to HAp. In general,
the way a biomaterial works is by being biocompat-
ible, biotolerant, bioinert, bioactive. Hence, invivo
studies of the samples will strengthen the study and
our findings to substantiate its utilisation in prepara-
tions of scaffolds which will again require investi-
gation of surface morphology, pore architecture and
mechanical properties to justify its cytotoxicity and
its applications in various other biotechnological
fields.
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