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reveal that HA-CS-MgSiOsz scaffold have higher bone regeneration as
compared to HA-CS and CS after implantation of 12 weeks. (C)
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with BMSCs as well as in vivo response after 8 weeks of implantation in
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osteogenesis related genes (ALP, OCN, COL1) as compared to HA
coated Ti- alloy, after 3 and 7 days of culture. (B) Histopathological
images, representing neo bone formation (yellow rectangle), while
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In vivo response of Zn and Sr doped Mg.SiOs ceramics, while
implanted in rabbit femur defect site. The histological (a, e),
fluorescence (b, f), 3D micro -CT (c, g) and scanning electron
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electrodynamical stimulation in a cell culture experiment. a) bioelectret
development, b), and c) application of electrical stimulation while the
cells are being adhered on uncharged, negative and positive end of
electrets.

Representation of intra-articular injection of MCSZO-X (X = 0 — 4)
nanoparticles in the Wistar rat knee (synovial) joint.

Densification and phase evolution of Mg1-xCaxSi1xZrxO3; MCSZO-X (X
= 0— 4) samples, sintered at 1380 - 1320 °C. (a) The relative densities
of sintered MCSZO-X samples. (b) XRD patterns for MCSZO-x (x =0 —
0.4) samples, (c) Enlarged view of the most intense Bragg'’s peak in 20
range of 27-30°.

Fourier transform infrared (FTIR) spectra of (a) sintered Mg1-xCaxSi1-
xZrxO3 (MCSZO- X) (x =10, 0.1, 0.2, 0.3, and 0.4) and (b) HA samples.

Scanning electron micrographs and energy dispersive X-ray
spectroscopy (EDS) graphs for fractured Mgi-«CaxSi1xZrkOs samples:
(@ x=0,()x=0.1,(c)x=0.2, (d) x=0.3, and (e) x = 0.4, sintered
at 1380- 1320 °C.

Leaching profile of Mg?*, Si**, Ca?*, Zr** ions from MCSZO- X (X =0
- 4) samples in simulated body fluid (SBF). The graphs representing the
changes in the concentrations of (a) Mg?*, (b) Si**, (c) Ca?* and (d)
Zr** ions with respect to immersion period.

Values of Contact angle on the surface of uncharged and MCSZO-X (X
= 0 —4) electrets of samples using (a) Deionized (DI) water and (b)
DMEM. Asterisk (*) denotes the significant variation in the mean
values of water contact angles among the HA electret, and uncharged
as well as MCSZO-X electret samples as compared to uncharged HA
samples, (at p < 0.05). (**) and (#) marks indicate the significant
variation in the mean values of water contact angles on MCSZO-X
electrets with respect to the negative end of HA electret and uncharged
MCSZO-X samples, respectively, at p < 0.05.

X-ray photoelectron spectroscopy (XPS) spectra of uncharged and
MCSZO -X (X = 0 - 4) electret samples. XPS survey spectrum of
uncharged and MCSZO -X electret samples, i.e., (a) MCSZ0O-0, (b)
MCSzZO-1, (c) MCSzZ0-2, (d) MCSZ0-3, and () MCSZO-4, for Mg
(1s), Ca (2p), Si (2p), Zr (3d), O (1s), and C (1s) orbital states.

X-ray photoelectron spectroscopy (XPS) spectra of both, uncharged
and electret surfaces of MCSZO-X (X = 0 - 4) samples for O 1s.
Representation of O 1s spectra for uncharged MCSZO-X, (a, c, e, g, 1)
and electrets of MCSZO-X, (b, d, f, h, j) samples, (X =0 - 4).

XPS spectra of both, uncharged and electret surfaces of MCSZO -X (X
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= 0 — 4) samples for Mg 1s. Representation of Mg 1s spectra for
uncharged MCSZO-X, (a, ¢, €, g, i), and electret of MCSZO-X, (b, d, f,
h, j) samples, (X = 0 — 4).

XPS spectra of both, uncharged and electret surfaces of MCSZO -X (X
= 0 — 4) samples for Ca 2p. Representation of Mg 1s spectra for
uncharged MCSZO-X, (a, ¢, ¢, g, i), and electret of MCSZO-X, (b, d, f,
h, j) samples, (X = 0 —4).

XPS spectra of both, uncharged and electret surfaces of MCSZO -X (X
= 0 — 4) samples for Si 2p. Representation of Si 2p spectra for
uncharged MCSZ0O-X, (a, c, e, g, i) and electret of MCSZO-X, (b, d, f,
h, j) samples, (X = 0 — 4).

XPS spectra of both, uncharged and electret surfaces of MCSZO -X (X
= 0 — 4) samples for Zr 3d. Representation of Zr 3d spectra for
uncharged MCSZO-X, (a, ¢, e, g) and electret of MCSZO-X, (b, d, f, h)
samples (X = 0—4).

Variation in oxygen deficiencies on uncharged and electret surfaces of
Mg1xCaxSi1xZrOs (x = 0, 0.1, 0.2, 0.3, 0.4, MCSZO-X) samples. The
graph represents the increase in the oxygen deficiency in the electret
samples with respect to their corresponding uncharged samples.

Viability of MG-63 cells on uncharged, electrets and
electrodynamically treated electrets of MCSZO-X (X = 0 - 4) samples
and HA control, after the culture duration of 3, 5, 7 days. (*) symbol
denotes the significant variation for all uncharged, electrets and
electrodynamically treated electrets of MCSZO-X samples and control
in comparison to uncharged HA, at p < 0.05. The (@) symbol indicates
a significant variation for all treated MCSZO-X samples with respect to
their corresponding uncharged MCSZO-X samples, at p < 0.05. The
(**) symbol indicates the significant variation for all negatively
charged electrodynamic stimulated [E(N)] MCSZO-X electret samples
and HA control in comparison to negatively charged electret [N] HA,
at p <0.05. The (@@) symbol indicates significant variation for all of
the negatively charged electrodynamic stimulated [E(N)] MCSZO-X
electret samples with respect to their corresponding negatively charged
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symbols indicates the significant variation for all of the positively
charged electrodynamic stimulated [E(P)] MCSZO-X electret samples
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corresponding [P] MCSZO-X samples, respectively, at p < 0.05. (#)
represents significant variation for all of the electrodynamically
stimulated MCSZO-X electret samples with respect to their
corresponding uncharged MCSZO samples and HA control, at p < 0.05.
The U, P, N represents the uncharge, positive electret and negative
electret, respectively.

Fluorescence microscopic images of stained osteoblast-like MG-63
XVi

172

174

176

177

179

181



Fig.4.15:

Fig.4.16:

Fig.4.17:

cells, cultured on uncharged and electrodynamically stimulated
MCSZO -X (X =0 - 4) electrets as well as HA samples. The U, P and N
represent the uncharged, positive electret and negative electret of
MCSZO-X and HA samples. The electrodynamic stimulation treated
uncharged, positively and negatively charged electrets are denoted as
U(E), P(E) and N(E), respectively.

Alkaline phosphatase (ALP) activity of osteoblast-like MG-63 cells,
seeded on uncharged and electrodynamically stimulated MCSZO -X (X
= 0 - 4) electret samples and HA control, after the culture duration of
(@) 7 and (b) 14 days. [U-uncharged, P- positive electret, and N-
negative electret. The electrodynamic stimulation treated uncharged,
positively and negatively charged electrets are denoted as U(E), P(E)
and N(E), respectively.]. The symbols (*), (**), and (***) denote the
significant variation, at p < 0.05 in the mean values of ALP activity
between the untreated and treated MCSZO-X samples compared to U,
P and E (P) HA samples, respectively. The (#) denotes the significant
variation at p < 0.05 in the mean values of ALP activity between the the
electrodynamic simulation treated and untreated MCSZO-X electret
samples compared to uncharged MCSZO-X samples, at p < 0.05. (@)
symbol represents the significant variation, among the mean values of
ALP activity on negatively charged electrodynamic stimulated E(N)
MCSZO-X electret samples in comparison to their respective negatively
electret samples, at p < 0.05.

Intracellular Ca®* concentration in MG-63 cells, seeded on uncharged
and electrodynamically stimulated MCSZO -X (X = 0 - 4) electret
samples and HA control. The graph demonstrates the ratios of the mean
values of the peak fluorescence intensity, recorded at the excitation of
340 and 380 nm, for Fura-2 AM (Intracellular Ca?* indicator) loaded
MG-63 cells, cultured on uncharged and electrodynamically stimulated
MCSZO -X (X =0 - 4) electrets as well as HA samples. The asterisk (*)
denotes a significant difference, among the mean peak value of
estimated ratios for MG-63 cells, seeded on N, E (U), E (P) and E (N)
MCSZO-X as well as HA control, as compared to uncharged and P HA,
at p < 0.05. (#) mark represents the significant difference, at p < 0.05,
among the mean peak value of estimated ratios for MG-63 cells,
cultured on electrodynamic stimulated uncharged / electret MCSZO-X
samples as compared to the estimated mean peak values for their
corresponding uncharged/electret MCSZO-X samples, cultured in
absence of electrodynamic field, at p < 0.05. The U, P, N represents the
charge, positive electret and negative electret, respectively.

schematic diagram demonstrating the Synergistic effect of electrostatic
and electrodynamic electrical stimulation on osteogenic responses of
MCSZO-X (X= 0 - 4). (a) The negative end of electret operates as a
stimulus for the adhesion and proliferation of cells by attracting Ca?*,
H* ions from culture media which further attract negatively charged
fibronectin and integrin protein. Also, the negative end of MCSZO-X (X
= 0 - 4) electrets exhibit noticeable increase in surface hydrophilicity.
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Fig.5.1:

Fig.5.2:

Fig.5.3:

Fig.5.4:

Fig.5.5:

Fig.5.6:

Fig. 5.7:

Fig.5.8:

(b) Further, the application of electric field stimulation triggers the
voltage-gated Ca?* channels located on the cell membrane as well as
also regulate the configuration of receptors present in endoplasmic
reticulum. The local electric field makes it easier for Ca?* ions to enter
into the cell from the endoplasmic reticulum and extracellular milieu.
This increased amount of intracellular Ca?" ions helps in the
production of transforming growth factor and bone morphogenic
protein-2, which is crucial for regulation of cellular metabolism

Modified Scherrer plots for MCSZO — X (X = 0 -4) bioceramics. (a) X
=0,(b)X=1,(c) X=2,(d) X=3,and (e) X =4.

Williamson-Hall plots for MCSZO — X (X = 0 -4) bioceramics. (a) X =
0, (b)X=1,(c)X=2,(d) X=3and (e) X =4.

Size -strain plots for MCSZO — X (X = 0 -4) bioceramics. (a) X =0,
(b)X=1,(c) X=2,(d) X=3and (e) X =4.

Figure 5.4. EDS spectrum of MCSZO-X (X = 0 — 4) powders. (a) X= 0,
(b) X=1, (c) X=2, (d) X= 3, and (e) X= 4.

Thermally stimulated depolarization current (TSDC) plot for MCSZO-X
(X =0-4) electrets.

Optical density (OD) of E. coli (a) and S. aureus (b) bacteria on
uncharged, negative and positive ends of MCSZO-X (X = 0 - 4) electret
surfaces and HA control. (*) indicates significant difference among all
the samples, as compared to uncharged HA, at p < 0.05, (**) indicates
significant difference among all the samples with respect to the positive
end of HA electret surfaces, at p < 0.05 and (#) indicates significant
difference among all the samples with respect to the negative end of HA
electret surfaces, at p < 0.05. (U- uncharged, P-Positive end of
electrets, N- Negative end of electrets).

Antibacterial ratio for E. coli (@) and S. aureus (b) bacteria on
uncharged, negative and positive ends of MCSZO-X (X = 0 - 4) electret
surfaces and HA control. (*), (**) and (***) indicate significant
difference among all the uncharged, positive and negative ends of
MCSZO-X electret surfaces with those of HA, at p < 0.05, (@) indicates
the significant difference in negative end of MCSZO-X electret surfaces
with respect to their corresponding uncharged surfaces of MCSZO-X
samples, at p < 0.05. (3) indicates the significant difference in positive
end of MCSZO-X electret surfaces with respect to corresponding
uncharged surfaces of MCSZO-X samples, at p < 0.05. (U- uncharged,
P-Positive end of electrets, N- Negative end of electrets).

Fluorescence microscopy (live / dead) images of E. coli bacteria,
cultured on uncharged, positive and negative ends of MCSZO -X (X =0
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Fig.5.9

Fig.5.10:

Fig.5.11:

Fig.5.12:

Fig.5.13:

—4) electret surfaces as well as HA samples. (U- uncharged, P P-
Positive end of electrets, N- Negative end of electrets)

Fluorescence microscopy (live / dead) images of S. aureus bacteria,
cultured on uncharged, positive and negative ends of MCSZO -X (X =0
—4) electret surfaces as well as HA samples. (U- uncharged, P P-
Positive end of electrets, N- Negative end of electrets)

The content of superoxide (* O27) for E. coli (a) and S. aureus (b)
bacteria on uncharged, negative and positive ends of MCSZO-X (X =0
- 4) electret surfaces and HA control. (*), (**) and (***) indicate the
significant difference among all the uncharged, positive and negative
ends of MCSZO-X electret surfaces with respect to uncharged, positive
and negative end of HA electret surfaces, at p < 0.05, (@) indicates
significant variation in negative end of MCSZO-X electret surfaces with
respect to their uncharged counterpart, at p < 0.05. (&) indicates
significant difference in positive end of MCSZO-X electret surfaces,
with respect to their uncharged counterpart, at p < 0.05. (U-
uncharged, P-Positive end of electrets, N- Negative end of electrets).

The catalase activity for E. coli (a) and S. aureus (b) bacteria on
uncharged, negative and positive ends of MCSZO-X (X = 0 - 4) electret
surfaces and HA control. (*), (**) and (***) indicate significant
difference among all the uncharged, positive and negative ends of
MCSZO-X electret surfaces with respect to those of HA, at p < 0.05,
(@) indicates significant variation in negative end of MCSZO-X
electret surfaces with respect to their uncharged counterpart, at p <
0.05. (&) indicates significant difference in positive end of MCSZO-X
electret surfaces with respect to their uncharged counterpart, at p <
0.05. (U- uncharged, P-Positive end of electrets, N- Negative end of
electrets).

Protein leakage for E. coli (a) and S. aureus (b) bacteria on uncharged,
negative and positive ends of MCSZO-X (X = 0 - 4) electret surfaces
and HA control. (*), (**) and (***) indicate significant difference
among all the uncharged, positive and negative ends of MCSZO-X
electret surfaces with respect to those of HA surfaces, at p < 0.05, (@)
indicates significant difference in negative end of MCSZO-X electret
surfaces with respect to their uncharged counterparts, at p < 0.05. (&)
indicates significant difference in positive end of MCSZO-X electret
surfaces with respect to their uncharged counterparts, at p < 0.05. (U-
uncharged, P-Positive end of electrets, N- Negative end of electrets).

Concentration of MDA for E. coli (a) and S. aureus (b) bacteria on
uncharged, negative and positive ends of MCSZO-X (X = 0 - 4) electret
surfaces and HA control. (*), (**) and (***) indicate significant
difference among all the uncharged, positive and negative ends of
MCSZO-X electret surfaces as compared to those of HA, at p < 0.05,
(@) indicates significant difference in negative end of MCSZO-X
electret surfaces with respect to their uncharged counterparts, at p <
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Fig.5.14:

Fig.6.1:

Fig.6.2:

Fig.6.3:

Fig.6.4:

Fig.6.5:

Fig.6.6:

Fig.6.7:

Fig.6.8:

Fig.6.9:

0.05. (&) indicates significant difference in positive end of MCSZO-X
electret surfaces with respect to their uncharged counterparts, at p <
0.05. (U- uncharged, P-Positive end of electrets, N- Negative end of
electrets).

Schematic illustrating the mechanism of antibacterial response of
negative (a) and positive (b) ends of electrets of MCSZO-X (X = 0 — 4)
samples. (a) The electrostatic repulsion between negative end of
electret and negatively charged bacterial membrane prevent the
adhesion of bacteria (b) Production of reactive oxygen species (ROS)
on the positive end of electret kill the bacterial cells by means of DNA
damage, lipid layer distraction, membrane rupture.

XRD patterns for MCSZO-X (X = 0- 4) nanoparticles. (a) XRD patterns
of different samples of MCSZO (X= 0 — 4) calcined at 1300° C for 10 h.
(b) enlarged view of the highest intense peaks of samples.

FT-IR spectra of Ca- Zr doped MgSiO3 (MCSZO-X, X = 0 - 4)
nanoparticles.

Scanning electron micrographs of MCSZO-X nanoparticles. (a) X=0,
(b) X=1, (C) X= 2, (d) X=3 and (e) X=4.

Leaching behavior of Mg?*, Si**, Ca?*, and Zr** from MCSZO- X (X =
0 - 4) nanoparticles in saline.

Optical density of MG-63 cells, after the culture duration of 1 and 3
days, on MCSZO-X (X = 0-4); [MI, M2, M3, M4 and M5)
nanoparticles at different concentration, i.e; 0.25, 2.5 and 25 mg/ml
samples] and HA, used as a control.

Digital camera images of rat paws before injection, on the 3rd day, and
7"day after receiving injections of MCSZO-X nanoparticles into their
knee joints.

The effect of intraarticular injection of MCSZO-X (M1, M2, M3, M4
and M5) nanoparticles on the body weight of rat’s throughout the
experiment. All given values are in mean + SD (n = 5 rats/group).
(Two-way ANOVA showed no notable variation in the body weight of
all rats).

Effect of intracticular injection of MCSZO-X nanoparticles in rats . (a)
WBC count and (b) MCV on 7 day of injection. All given values are in
mean = SD (n = 5 rats per group).

Effect of MCSZO-X nanoparticles on serum concentration after 7 days
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Fig.6.10:

Fig.6.11:

Fig.6.12:

Fig.6.13:

of injection in rats. (a) ALP and (B) creatinine. All these values are in
mean = SD (n = 5 rats/group).

Histopathological images of the heart tissues, stained with H & E after
7 days of injection in the following groups of rats: (a) Control (non-
injected), (b) Saline, (c) M1, (d) M2, (e) M3, (f) M4 and (g) M5
nanoparticles eluates treated groups (Scale bar: 1 um).

Histopathological images of the kidney tissues, stained with H & E
after 7 days of injection in the following groups of rats: (a) Control
(non-injected), (b) Saline, (c) M1, (d) M2, (e) M3, (f) M4 and (g) M5
nanoparticles eluates treated groups (Scale bar: 1 pm).

Histopathological images of the liver section, stained with H & E after
7 days of injection in the following groups of rats: (a) Control (non-
injected), (b) Saline, (c) M1, (d) M2, (e) M3, (f) M4 and (g) M5
nanoparticles eluates treated groups (Scale bar: 1 um).

Histopathological features of rat knee joint tissue, stained with H & E
of intra-articular injection after 7 days in the following groups of rats:
(a) Control (non-injected), (b) Saline, (c) M1, (d) M2, (e) M3, (f) M4
and (g) M5 nanoparticles eluates treated groups ( magnification: 40 X).
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