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Hexagonal crystal structure of HA

The fraction of total number of research articles of a particular
morphology of HA nanocrystals. The foremost number of research
articles are based on the HA nanorods.

Role of HT temperature and time on the size and aspect ratio of HA
nanorods. Variation in length, diameter, and aspect ratio of HA
nanorods against the HT temperature (4, B) and time (C, D).

The Year-wise (since last 21 years) evolution in the aspect ratio of
HA nanorods, synthesized from HT, MW-HT and sol-gel techniques
with and without the use of organic additives.

Role of organic additives (Surfactants, organic molecules, and
polymers) in controlling the morphology of HA nanorods. (A4) CTAB
surfactant-based template mechanism for the formation of HA
nanorods: (i) above the critical micellar concentration (CMC), self-
assembly of CTAB molecules into rod shaped micelles; (ii)
nucleation of HA on the surface of micelles, (iii) growth of HA nuclei
under heat treatment to form the CTAB-HA complex; and (iv)
removal of CTAB through calcination, leading to the formation of
porous HA nanorods. (B) Effect of surfactant concentration on the
morphology of HA nanocrystals. (C) Role of organic additives into
crystallographic growth of HA nanorods and nanoplates. In case of
HA nanorods, organic additives molecules restrict the crystal growth
along a-axis (side faces) of HA nuclei by capping them and activate
the growth along c-axis (end faces), and inverse is also true for the
formation of HA nanoplates.

Effect of concentration and nature of organic additives on size,
morphology and aspect ratio of HA nanocrystals. (A) Variation in
length, diameter, and aspect ratio of HA nanorods against various
concentrations of organic additives, and (B) Influence of nature of
organic additive on size and morphology of HA nanorods.

Role of pH of precursor solution on the morphology of HA
nanocrystals.

The effect of elemental doping on the aspect ratio of HA nanorods.

Synthesis of HA nanowires with and without using organic solvent,
to overcome the limitations associated with synthesis of HA
nanowires in presence of hard or soft template.

Schematic illustrating the role of HT time (A and B), pH of precursor
solution and HT temperature (C), and surfactant concentration (D)
on the transformation of HA nanorods to HA nanowires. Longer HT
time and higher HT temperature at acidic or lower basic condition
is favourable for the growth the HA nucleus into HA nanowires.

Various synthetic techniques for the development of HA nanofibers.
(A) Fabrication of HA nanofibers in presence of stearic acid/palmitic
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Fig. 1.12

Fig. 1.13

Fig. 1.14

Fig. 1.15

acid as a template under solvothermal condition: (a) liquid-solid
solution strategy for HA nanofibers, and (b) stages of nucleation and
crystal growth to transform the HA nuclei into long HA nanofibers,
in which adsorbed stearate anions on the side faces of HA nuclei
offers the crystal growth in form of fibers. (B) The conversion of
Monetite into HA nanofibers in presence of monoethanolamine
(MEA) as a pH regulator, phase and shape modifier and EDTA as a
cheating agent. (C) Fabrication of HA nanofibers through
electrospinning technique. (D) The transformation of CaAlB3;0O;
particles into HA nanofibers after their immersion into KH>POy
solution through the ion exchange mechanism.

Synthesis techniques for the development of HA nanotubes. (A)
Fabrication of HA nanotubes in presence of porous anodic alumina
membrane as inorganic template. (B) The schematic illustration of
synthesis process of HA nanotubes with the use of poly
(caprolactone) (PCL)- magnetite nanoparticles (MNPs) composite
nanofiber template. (C) The biomimetic synthesis of HA nanotubes
using organoamines as a controller or inducer. (D) The
electrodeposition process and key mechanism for the formation of
CDHA nanotube, followed by the dissolution of composite membrane
in dichloromethane.

Techniques for the development of HA nanoneedles and
nanoribbons. (A) QOil-in-water microemulsion system for the
synthesis of HA nanoneedles. (B) pH and ionic concentration
dependent fabrication of various morphologies of HA nanocrystals,
such as HA needles, HA nanofibers and HA nanosheets through the
hydrolysis of solid dicalcium phosphate (DCP) crystal in alkali
solution. (C) The transformation of HA nano seeds to HA needles,
HA nanoribbons and HA nanosheets in SBF under the different pH
conditions.

Various fabrication techniques for the development of HA
nanoplates. (A) Synthesis of lamellar HA nanoplates in presence of
SDS template; exfoliation of lamellar HA nanoplates by the addition
of glucosamine; variation in the size of HA nanoplates as a function
of SDS concentration. (B) Transformation of BCCs to HACs having
oriented nanoplate arrays on Ti6Al4V substrate. (C) Transformation
of bioglass coating (on Ti6Al4V substrate) to rod and plate-like HA
nanocrystals coating by soaking the bioglass-coated Ti6AI4V
substrate into two different concentrations of SBF having Ca/P ratio
of 2.50 and 1.25, respectively, at 120°C. (D) The effect of Mg doping
on the drastic change in morphology of HA nanocrystals from rod to
plate form.

Synthetic methods for the fabrication of HA nanosheets. (4) The HT
synthesis of nanosheet-based hollow microsphere in presence of
DNA template. The high-resolution field emission scanning electron
microscope (HFESEM) image of HA nanosheets based microsphere
are also shown as inset. (B) The conversion of abalone shell (CaCO3)
powder to HA nanosheets in presence of ionic surfactants (CTAB or
SDS). In this, CaCOs3 is acting as a template, and therefore,
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Fig. 1.16

Fig. 1.17

Fig. 1.18

Fig. 1.19

Fig. 3.1

crystallization of HA nanosheets, accelerated by CTAB or SDS, take
place around the surface of CaCO3 under the HT treatment.

The basic idea behind the development of bone tissue engineering.
(A) Advantages and disadvantage, associated with conventional
bone defect repairing techniques for defect repair, and (B)
Fundamentals of bone tissue engineering.

In vitro and in vivo cellular response of HA nanocrystals-based
scaffolds. (A) Scanning electron microscopy (SEM) images of
osteoblast cells, cultured on (a) polypropylene (PP), (b) 0.3%
MWCNTs/PP, and (c) 0.3% MWCNTs- 20 % nHA/PP, for 3 days.
(B) New bone tissue formation around the defect area in rat calvarial
after implantation of chitosan scaffolds (CS), HA nanowires/chitosan
(HANWs/CS), and HA nanowires-MS/chitosan (HANWs-MS/CS) for
12 weeks. (C) The micro-CT images, representing the formation of
new bone and blood vessels around the defect regions in rat calvarial
after implantation of CS, HANWs/CS, and HANWs-MS/CS scaffolds
for 12 weeks: the interior and coronal images of calvarial defect
repair by the formation of new bone (a), the formation of new blood
vessels (b), and newly formed bone (BV/TV) (c) as well as blood
vessels (number and area) (d and e) in calvarial defect. (D) The
immunofluorescence images of DAPI and OCN proteins on HA
nanorods/chitosan (HANRs/CS), Yb-doped HA nanorods/chitosan
(YbHANRs/CS) and Yb-doped HA nanorods/magnetic chitosan
(YDHANRs/m-CS) scaffolds.

Mechanical and in vitro degradation response of HA nanocrystals-
based scaffolds. (A) Young’s modulus for pure collagen (Col),
ultralong HA nanowires (UHANWSs)/Col and HA nanorods
(HANRs)/Col with varying content of HA nanocrystals. (B) Weight
loss in pure collagen and HA micro/nanoribbons/collagen
(HA/collagen) scaffolds after incubation in SBF. (C) Stress-strain
curve and digital images (inset), demonstrating the ability of
HA/collagen to recover its shape.

In vitro cellular and antibacterial response of various morphologies
of HA nanocrystals-based scaffolds. (A) Formation of HA nanoplates
by soaking HA nanorods in SBF for a period of up to 7 days. (B) The
stem cell response on scaffolds of HA nanoplates (a, e, i and m), HA
nanorods (b, f, j and n), HA short nanowires (c, g, k and o) and HA
long nanowires (d, h, l and p). (C) ALP activity of mesenchymal stem
cells, cultured with various HA nanocrystals including irregular NPs
of aspect ratio of 2.4 (HA-0) and HA nanorods of aspect ratios of
2.9, 3.37 and 4.32 (HA-30, HA-70 and HA-100). (D) Alizarin
staining of MSCs, cultured with HA-0, HA-30, HA-70 and HA-100.
(E) Schematic representing the mechanism towards contribution of
HA nanorods of different aspect ratios to osteogenic differentiation
of MSCs.

XRD profile of HA nanocrystals, synthesized under different pH, HT
time, and PVA concentrations. (A) Characteristic peaks at different
pH: (i) pH 5, (ii) pH 7.5, (iii) pH 9, (iv) pH 9.5, (v) pH 10, (vi) pH 11
at constant HT temperature and time of 200°C and 12 h, respectively,
for PVA concentration of 2.13 wt %. (B) Characteristic peaks at
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Fig. 3.2

Fig. 3.3

Fig. 3.4

Fig. 3.5

Fig 3.6

Fig. 3.7

Fig. 3.8

Fig. 3.9

different HT time: (i) 6 h and (ii) 12 h at constant pH of 9.5, PVA
concentration of 2.13 wt %, HT temperature of 200°C, and under
different PVA concentrations: (ii) 2.13 wt %, (iii) 4.17 wt % and (iv)
6.13 wt % at constant pH of 9.5, HT temperature and time of 200°C
and 12 h, respectively.

X-ray profile fitting for HA nanorods, nanoplates, and thin
nanoplates using Full Prof sofiware.

FTIR spectra of HA nanocrystals, synthesized at various pH,
different HT time and PVA concentrations. (A) Spectra at various
pH: (i) pH 5, (ii) pH 7.5, (iii) pH 9, (iv) pH 9.5, (v) pH 10, and (vi)
11, at constant HT temperature and time of 200°C and 12 h,
respectively, for PVA concentration of 2.13 wt %. (B) Spectra for HT
times: (i) 6 h and (ii) 12 h at constant pH of 9.5, PVA concentration
of 2.13 wt %, HT temperature of 200°C, and under various PVA
concentrations: (ii) 2.13 wt %, (iii) 4.17 wt % and (ii) 6.13 wt % at
constant pH of 9.5, HT temperature and time of 200°C and 12 h,
respectively

Raman spectroscopic analysis of HA nanorods, nanoplates, and thin
nanoplates.

Schematic diagram, demonstrating the possible mechanism behind
the nucleation of HA nanocrystals.

Morphological and elemental analyses of as-prepared HA
nanocrystals at various pH. (a — f) FESEM images of as-synthesized
HA nanocrystals at various pH :(a) pH 5 (b) pH 7.5 (c) pH 9 (d) pH
9.5(e)pH 10 (f) 11. (2—1i) The diameter distribution of HA nanorods,
synthesized at pH 5 (a), and thickness distribution of HA nanoplates,
obtained at pH 9 (b) and 9.5 (c), using histogram plots. (j — 1)) The
EDX spectra of as-synthesized HA nanorods at pH 5 (a), and HA
nanoplates at pH 9 (b) and 9.5 (c).

The schematic representation of possible mechanism for the
formation of various morphologies of HA nanocrystals at different
pH.

Morphology of HA nanocrystals, synthesized under different HT
duration and PVA concentrations. FESEM images of HA
nanocrystals, synthesized at HT time of 6 h (A) and 12 h (B) at PVA
concentration of 2.13 wt % and pH of 9.5. FESEM images of HA
nanocrystals, synthesized under various PVA concentrations of 2.13
wt % (B), 4.17 wt % (C), and 6.13 wt % (D) at pH of 9.5 and HT time
of 12 h.

Morphological and crystallographic analyses of hydrothermally
synthesized HA nanocrystals using TEM. (A) The Bright field images
of HA nanorods (HAS) (al), HA nanoplates (HA9.5) (bl) and HA
thin nanoplates (HA-6h) (cl). (B) The bright field images of single
HA nanorods (a2), HA nanoplates (b2) and HA thin nanoplates (c2).
(C) The HRTEM images of HA nanorods (a3), HA nanoplates (b3)
and HA thin nanoplates (c3), and (D) their corresponding SAED
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Fig. 3.10

Fig 4.1

Fig. 4.2

Fig 4.3

Fig. 4.4

Fig. 4.5

Fig. 4.6

patterns taken along the zone axes [010], [01 0] and [1 1 0] (a4, b4
and c4). (E) The enlarged view of porosity and their distribution
(Histogram) on the surface of HA nanoplates (al and a2 ) and HA
thin nanoplates (a3 and a4).

The schematic diagram, representing the development of bone-like
HA nanoplates and their conversion into HA nanorod and thin
nanoplate morphologies.

Particle size and surface charge assessment. (4) DLS particle and
(B) zeta potential plots of HA nanorods, nanoplates, and thin
nanoplates.

Surface chemistry analyses of different morphological HA
nanocrystals. (A) XPS survey spectra of HA nanorods (a), nanoplates
(b), and thin nanoplates (c); (B) High resolution XPS spectra of Ols
for HA nanorods (a), nanoplates (b), and thin nanoplates (c).

(4) Ion release profile of Ca’* (a) and P°* (b) from HA nanorods,
nanoplates, and thin nanoplates in simulated body fluid (SBF), and
(B) Contact angle measurement of HA nanorods, nanoplates, thin
nanoplates, and control in DI water, PBS and DMEM media. The
mark (*) represents the statistically significant variation (at p <0.05)
in mean contact angle values on HA nanorods, nanoplates, thin
nanoplates, with respect to control in all liquid media. The mark (®)
indicates statistically significant variation (at p < 0.05) in mean
contact angle values for HA nanoplates, thin nanoplates, and control
as compared to HA nanorods. The mark (@) denotes the statistically
significant variation (at p <0.05) in mean contact angle value on HA
nanorods, nanoplates, and control with respect to HA thin
nanoplates.

Comparative assessment of hemolysis on HA nanorods, nanoplates,
and thin nanoplates. The mark (*) represents the significant
difference (at p < 0.05) in the mean value of hemolysis (%) on
nanoplates and thin nanoplates as compared to HA nanorods. The
mark (@) indicates the statistically significant variation (at p <0.05)
in mean values of hemolysis (%) on HA nanorods and nanoplates as
compared to thin nanoplates.

Viability of MG-63 cells on different concentrations (0.2, 2 and 20
mg/ml) of HA nanorods, nanoplates, thin nanoplates and control
samples for 3, 5 and 7 culture days. The mark (*) denotes the
statistically significant variation (at p < 0.05) in mean values of
optical density of HA nanorods, nanoplates, thin nanoplates, with
respect to the control at all concentrations. The marks (@) and ($)
indicate statistically significant variation (at p < 0.05) in mean
values of optical density of HA nanorods and nanoplates among the
different concentrations, respectively.

(A) Qualitative cellular assessment of MG-63 cells at different
concentrations (0.2, 2 and 20 mg/ml) of HA nanorods, nanoplates,
thin nanoplates as well as control samples after 3 days of incubation
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Fig. 4.7

Fig. 4.8

Fig. 5.1

Fig. 5.2

Fig. 5.3

Fig. 5.4

(Scale bar: 100 um); and (B) Spreading area of MG-63 cells,
adhered on control, HA nanorods, nanoplates, and thin nanoplates.

The ALP expression of MG-63 osteoblast cells on HA nanorods,
nanoplates, and thin nanoplates at concentrations of 0.2, 2 and 20
mg/ml, for 7 and 14 culture days. The asterisk (*) indicates a
statistically significant variation (at p < 0.05) in mean absorbance
values of HA nanorods, nanoplates, and thin nanoplates with respect
to control at all concentrations. The mark (i) indicates the
statistically significant variation (at p <(0.05) in HA nanoplates, thin
nanoplates, and control as compared to HA nanorods. The mark (#)
represents the statistically significant variation (at p < 0.05) in HA
nanorods, nanoplates, and control with respect to HA thin
nanoplates. The marks (@), ($) and (&) indicate the statistically
significant variation (at p < 0.05) in HA nanorods, nanoplates, and
thin nanoplates among the different concentrations, respectively.

The schematic diagram, illustrating the effect of surface charge and
release of calcium ions on the cellular response of HA nanocrystals.

(A) The histogram plot, representing the quantitative assessment of
antibacterial response towards different concentrations of HA
nanorods, nanoplates and thin nanoplates for (a) E. coli and (b) S.
aureus bacteria. (B) The corresponding antibacterial ratio for E. coli
and S. aureus bacteria, treated with different concentrations of HA
nanorods, nanoplates and thin nanoplates. The mark (*) represents
the significant difference in mean absorbance of all morphologies of
HA nanocrystals at concentrations of 0.2, 2 and 20 mg/ml with
respect to control at p < 0.05. The marks (i), (ii) and (iii) represent
the significant difference in mean absorbance of HA nanoplates and
thin nanoplates as well as control as compared to HA nanorods at
concentrations of 0.2, 2, and 20 mg/ml at p < 0.05, respectively. The
marks (%), (%), (ddd) indicate the significant difference in mean
absorbance of HA nanorods and nanoplates as well as control as
compared to HA thin nanoplates at concentrations of 0.2, 2, and 20
mg/ml, at p < 0.05, respectively. The marks (@), ($) and (&) show
the significant difference in mean absorbance of HA nanorods,
nanoplates, and thin nanoplates, respectively, among the different
concentrations.

(A) The digital images, representing the number of colonies on agar
plates for E. coli and S. aureus bacteria, treated with HA nanorods,
nanoplates and thin nanoplates at various concentrations of 0.2, 2
and 20 mg/ml. (B) The antibacterial ratio of corresponding HA
treated E. coli and S. aureus bacteria.

Fluorescence microscopic images of stained live and dead bacteria,
E. coli (a) and S. aureus (b), after treating with HA nanorods,
nanoplates and thin nanoplates at various concentrations of 0.2, 2
and 20 mg/ml.

The absorbance plot, demonstrating the concentration of superoxide
anions (027) for E. coli and S. aureus bacterial cells after treating
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Fig. 5.5

Fig. 5.6

with HA nanorods, nanoplates and thin nanoplates at various
concentrations of 0.2, 2 and 20 mg/ml. The mark (*) represents the
significant difference in mean absorbance for all the morphologies
of HA nanocrystals at 0.2, 2 and 20 mg/ml with respect to control, at
p < 0.05. The marks (i), (ii) and (iii) represent the significant
difference in mean absorbance of HA nanoplates and thin nanoplates
as well as control as compared to HA nanorods at concentrations of
0.2, 2, and 20 mg/ml, respectively, at p < 0.05. The marks (%), (%),
(d&®) indicate the significant difference in mean absorbance of HA
nanorods and nanoplates as well as control as compared to HA thin
nanoplates at concentrations of 0.2, 2, and 20 mg/ml, respectively, p
<0.05. The marks (@), ($) and (&) show the significant difference
in mean absorbance of HA nanorods, nanoplates and thin
nanoplates, respectively, among the different concentrations.

The histogram plot representing catalase activity per second for
evaluation of dissociated H20: of E. coli and S. aureus bacteria after
treating with HA nanorods, nanoplates and thin nanoplates at
various concentrations of 0.2, 2 and 20 mg/ml. The mark (*)
represents the significant difference in catalase activity for all the
developed morphologies of HA nanocrystals at 0.2, 2 and 20 mg/ml
with respect to control, at p < 0.05. The marks (i), (i), and (iii)
represent the significant difference in catalase activity of HA
nanoplates and thin nanoplates as well as control as compared to
HA nanorods at concentrations of 0.2, 2, and 20 mg/ml, respectively,
at p < 0.05. The marks (%), (%), (%dd) indicate the significant
difference in catalase activity of HA nanorods and nanoplates as well
as control as compared to HA thin nanoplates at concentrations of
0.2, 2, and 20 mg/ml, respectively, at p < 0.05. The marks (@), ($)
and (&) show significant differences in the catalase activity of HA
nanorods, nanoplates and thin nanoplates, respectively, with varying
concentrations.

Concentration of oxidative damaged proteins (n mol/mg) of E. coli
(a) and S. aureus bacteria (b), after treated with HA nanorods,
nanoplates and thin nanoplates at various concentrations of 0.2, 2
and 20 mg/ml. The mark (*) represents the significant difference in
concentration of damaged proteins for all morphologies of HA
nanocrystals at 0.2, 2 and 20 mg/ml with respect to control, at p <
0.05. The marks (i), (ii) and (iii) represent the significant difference
in concentration of damaged proteins of HA nanoplates and thin
nanoplates as well as control, as compared to HA nanorods at
concentrations of 0.2, 2, and 20 mg/ml at p < 0.05, respectively. The
marks (%), (%%) (#&®) indicate the significant difference in
concentration of leaked proteins of HA nanorods and nanoplates as
well as control as compared to HA thin nanoplates at concentrations
of 0.2, 2, and 20 mg/ml at p < 0.05, respectively. The marks (@), ($)
and (&) show the significant difference in concentration of damaged
proteins of HA nanorods, nanoplates and thin nanoplates,
respectively, among the different concentrations.
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Fig. 5.7

Fig. 5.8

Fig. 6.1

Fig. 6.2

Fig. 6.3

Fig. 6.4

Fig. 6.5

Fig. 6.6

Concentration of MDA (nmol/mg), produced on LPO of E. coli and
S. aureus bacteria after treatment with HA nanorods, nanoplates and
thin nanoplates at various concentrations of 0.2, 2 and 20 mg/ml.
The mark (*) represents the significant difference in concentration
of MDA for all the developed morphologies of HA nanocrystals at
0.2, 2 and 20 mg/ml with respect to control, at p < 0.05. The marks
(i), (ii), and (iii) represent the significant difference in concentration
of MDA of HA nanoplates and thin nanoplates as well as control as
compared to HA nanorods at concentrations of 0.2, 2, and 20 mg/ml,
respectively, at p < 0.05. The marks (%), (%), (%&d) indicate the
significant difference in concentration of MDA of HA nanorods and
nanoplates as well as control as compared to HA thin nanoplates at
concentrations of 0.2, 2, and 20 mg/ml, respectively, p < 0.05. The
marks (@), (8) and (&) show the significant difference in
concentration of MDA of HA nanorods, nanoplates and thin
nanoplates, respectively, among the different concentrations.
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Schematic diagram, demonstrating the antibacterial efficacy of 192

different morphological HA nanocrystals

(A) The bar plot, representing the DOX loading efficiency of HA
nanorods, nanoplates, and thin nanoplates. Value of standard
deviation was derived from three independent experiments, at p <
0.05. (B) Standard DOX curve across the concentration range of 5 -
50 ug/ml, plotted at the wavelength of 350 nm, and (C) FTIR spectra
of HA nanocrystals before (HA nanorods, nanoplates, and thin
nanoplates) and after DOX loading [DOX-loaded HA nanorods
(DOX-HNRs), DOX-loaded HA nanoplates (DOX-HNPTs), DOX
loaded HA thin nanoplates (DOX-HTNPTs)].

XRD pattern of HA nanocrystals before (HA nanorods, nanoplates,
and thin nanoplates) and after DOX loading (DOX-HNRs, DOX-
HNPTs, DOX-HTNPTs) (A) and their enlarged view (B).

TEM (4) and FESEM (B) images of different-shaped HA
nanocrystals before; HA nanorods (al), nanoplates (bl), and thin
nanoplates (cl), and after loading of DOX; DOX-HNRs (a2), DOX-
HNPTs (b2), DOX-HTNPTs (c2).

XPS spectra of Ca 2s, P 2p and O s for HA nanorods and DOX-
HNRs (A4), HA nanoplates and DOX-HNPTs (B), and HA thin
nanoplates and DOX-HTNPTs (C).

(A) In vitro cumulative DOX release profile for HA nanorods,
nanoplates, and thin nanoplates, and their DOX release kinetics
models (B): zero order (a), first order (b), Higuchi model (c), and (d)
KP model (d)

(A) Viability of MG-63 cells on DOX-HNRs, DOX-HNPTs, and
DOX-HTNPTs after incubation period of 24 (a), 48 (b), and 72 h (c).
(B) Fluorescence images (Scale bar: 100 um), showing the adhered
cells on DOX-HNRs, DOX-HNPTs, DOX-HTNPTs, and control after
incubation period of 72 h.
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Fig. 6.7

Fig. 6.8

Fig. 6.9

(A) Hemolysis (%) plot, showing the lysed RBCs after treating with
10, 100 and 200 ug/ml concentrated DOX-HA nanocrystals samples.
Standard deviation values were obtained from three independent
experiments with p < 0.05, where (*) denotes a significant difference
in the mean hemolysis values of DOX-HNPTs, DOX-HTNPTs, and
pure DOX compared to DOX-HNRs (B) MTT plot, illustrating the
viability of S. aureus bacteria on DOX-HNRs, DOX-HNPTs, DOX-
HTNPTs, and pure DOX. Value of standard deviation was obtained
from three independent experiments, at p < 0.05. and (C) Digital
images of bacterial colonies developed on agar plates after treatment
with DOX-HNRs, DOX-HNPTs, DOX-HTNPTs, and pure DOX

Fluorescence images (Scale bar: 100 um), showing the stained live
(green) and dead (red) bacterial cells on similar samples.

Graphical representation of the bactericidal effects of DOX-loaded
different morphological HA nanocrystals.

218

219

221



List of Tables

Table 1.1 Variation in lattice parameter and crystallinity of HA nanocrystals 25
with elemental doping
Table 1.2 : HA nanocrystals-based scaffolds for bone tissue engineering 61
applications.
214

. Rate constant and linear correlation coefficient values derived from
fitting the cumulative DOX release data of HA nanorods,

nanoplates, and thin nanoplates.

Table 6.1



Preface

The present thesis has been divided into seven chapters. Chapter 1 introduces the potential of
biomimetic materials, particularly hydroxyapatite (HA) nanocrystals, as an alternative to
traditional implant biomaterials. Moreover, this chapter provides critical and comprehensive
reviews of various synthesis routes for the development of 1- and 2-dimensional (D) HA
nanocrystals with a focus to understand the process science. In addition, a systematic discussion
has also been made on bone tissue engineering and drug delivery applications of HA
nanocrystals, with special emphasis on several essential physical and experimental parameters
to achieve desired performance of HA nanocrystals. Toward this end, the motivation behind
selecting the 2-D HA nanoplates as the primary research focus, compared to other HA
nanocrystal morphologies, is also discussed. Chapter 2 presents the methodology for the
development 1- and 2-D HA nanocrystals along with various characterization techniques, such
as X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), Raman
spectroscopy, Field emission electron microscopy (FESEM), energy dispersive X-ray
spectroscopy (EDX), Transmission electron microscopy (TEM) to confirm the phase,
morphology, atomic composition, and porosity of the samples. This chapter also provides the
drug loading and release experiments, performed on HA nanocrystals, details of various
protocols, adopted for the assessment of cellular and antibacterial response of different
morphological HA nanocrystals before and after drug loading. Chapter 3 discusses the phase
and morphological analyses of HA nanocrystals along with the profile fitting of XRD peaks
using FullProf software to reveal the variation in lattice parameters as per the morphology of
HA nanocrystals. The closer analyses using TEM have also been carried out to observe the
porous nature and crystallographic crystal growth direction of HA nanocrystals. Additionally,
this chapter also explores the possible molecular mechanism, controlling the growth of

different morphological HA nanocrystals. Chapter 4 focuses on cytocompatibility and



osteogenic activity of 1- and 2-D HA nanocrystals to evaluate the significant variation in their
biological response. Moreover, the influence of the morphology of HA nanocrystals on their
surface oxygen vacancy, surface charge, and wettability is analyzed using X-ray photoelectron
spectroscopy (XPS), zeta potential, and contact angle measurement, respectively. Additionally,
the variation in ion release behavior of HA nanocrystals has been explained based on their
crystallinity. Further, the role of surface charge, hydrophilicity, ion release, and the size of
different morphological HA nanocrystals on hemocompatibility, cell adhesion, proliferation,
and differentiation has also been thoroughly discussed. Chapter 5 investigates the antibacterial
activity of 1- and 2-D HA nanocrystals using E. coli and S. aureus bacteria. The antibacterial
activity of various concentrations and morphologies of HA nanocrystals is evaluated using a
number of quantitative and qualitative techniques. The bactericidal effect of HA nanocrystals
is assessed through the quantification of reactive oxygen species (ROS) generation (O2™" and
H>0») within bacterial cells using superoxide dismutase (SOD) and catalase assays. Also, the
ROS-induced damage to cellular components like proteins and lipid membranes is evaluated
utilizing Lowry protein and lipid peroxidation (LPO) assays. In addition, the detailed
mechanism behind the morphology-dependent antibacterial activity of HA nanocrystals has
also been explored by considering various factors, such as concentration, size, ion release,
particle agglomeration, crystallinity, and surface charge. Chapter 6 explores the antibacterial
potential of antibiotic-loaded 1- and 2-D HA nanocrystals with a detailed study of their drug
loading and release behavior. The successful loading of the drug onto HA nanocrystals is
validated through XRD, FTIR, and electron microscopies. Moreover, the nature of the
interaction between DOX and differently-shaped HA nanocrystals are revealed using XPS. The
in vitro release dynamics of drug from HA nanocrystals are also evaluated as per varying
morphology of HA nanocrystals. Further, in vitro cell culture and hemolysis assays have been

conducted to assess the biocompatibility, including cell viability and hemocompatibility of



drug-loaded HA nanocrystals. Finally, the impact of the sustained release of drug from HA
nanocrystals on antibacterial efficacy have also been thoroughly examined, compared to pure

drug. Chapter 7 provides the conclusions and future perspectives of this study.



