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nanocluster (control group); (b) Tissue appearance (3 hrs) after
injecting nanocluster through tail vein injection (c) Tissue
appearance (7 days) after injecting nanocluster through tail vein
injection, (d) Tissue appearance (28 days) after injecting
nanocluster through tail vein injection. Bar: 10 um
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Figure 5.9

Multifluorescent confocal image of U 87-MG cells incubated
with Lyz-MgNCs (1/10 th of 12.4 stock solution) (a) Ex.366
/Em. 460 (b) Ex.472 nm / Em. Green (c) Ex. 472 nm / Em. Red
(d) merged image.Bar 77.3um
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Figure 5.10

Z stack confocal images of U-87 MG cell incubated with Lyz-
MgNCs (Ex. 366 nm, Em. blue). (@) =0 pm. (b) =2 um. (c) =
4 pm. (d) =6 pm. (e) = 8 um. (f) = 10 um. (@) = 12 um. (h) =
14 um. (i) = 16 pm. (j) = 18 pum.
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Figure 5.11

Z stack confocal images of U-87 MG cell incubated with Lyz-
MgNCs (Ex. 460 nm, Em. green). (a) =0 um. (b) =2 um. (¢) =
4 um. (d) =6 pum. () =8 um. (f) = 10 pm. (g) = 12 um. (h) =
14 um. (i) = 16 pm. (j) = 18 pum.
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Figure 5.12

Z stack confocal images of U-87 MG cell incubated with Lyz-
MgNCs (Ex. 560 nm, Em. red) (a) = 0 um. (b) =2 um. (¢) =4
pum. (d) =6 pm. (¢) = 8 um. (f) = 10 um. (g) = 12 pm. (h) = 14
pum. (i) = 16 pym. (j) = 18 pm.
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Figure 5.13

Live animal fluorescent image after 3 h administration of saline
in control mice and Lyz-MgNCs treated mice
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Figure 6.1

(@) UV-Vis spectra of Magnogel (b) FTIR spectra of Magnogel
and Essential oil
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Figure 6.2

(a), Particle size distribution curve, which was calculated using
TEM image (b) HR-TEM image of the Magnogel at 1pum scale
bar
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Figure 6.3

a), XPS spectra of Mg 1s (b) XPS spectra of O 1s (c) Physical
image of Magnogel as supernatant (d) Spreadability of
Magnogel
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Figure 6.4

.CAM assay: (a-f). Growth of blood vessels treated with
Magnogel at 0.035 pg/ul at 0.017 pg/pl,and untreated at Oh and
6h (g-i) The images are quantified with respect to length,
junction, and size using ImageJ and Angiotool software. The
black arrows indicate the change in blood vessels of the
treatment groups at 0 h and 6 h time points. These experiments
are performed in triplicate and represented as the mean£SD. No
significant differences from UT embryos are observed
(*p>0.05).
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Figure 6.5

E. coli infected fertilized control eggs and Magnogel-treated
eggs.
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Figure 6.6

Spreadability antibacterial test of Magnogel with E. coli and S.
aureus
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Figure 6.7

Zone of inhibition seen due to the antibacterial action of
Magnogel in E. coli bacteria (b) Relative antibacterial action
with respect to conventional drug and control seen in histogram
plot ( c) Zone of inhibition seen due to the antibacterial action
of Magnogel in S.aureus bacteria (d) Relative antibacterial
action with respect to conventional drug and control seen in
histogram plot
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Figure 6.8

Spreadability plate test of Magnogel against candida albicans
fungus
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Figure 6.9

Zone of inhibition seen due to the antibacterial action of
Magnogel in Candida albicans fungus (D; drug , M; Magnogel
,E ; essential oil , B; bacterial cellulose) (b) Relative antibacterial
action with respect to conventional drug and control seen in
histogram plot
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Figure 6.10

a) NBT assay for Magnogel after incubation for 1 hour with
bacterial cells (b) Histogram plot depicting the amount of ROS
produced during NBT assay at MIC concentration of E. coli and
S. aureus
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Preface and Thesis Organization

Recent advancements in nanoscience and nanotechnology have opened up new prospects
for developing metallic nanomaterials, which are biocompatible with improved sensitivity
and specificity for the healthcare system. Metallic nanoclusters have emerged as promising
nanoscale materials with numerous applications, but due to the existence of long-term
toxicity during in-vivo studies on noble metals, research in recent years has focused on
developing more biocompatible materials. As a relatively safe material with a broad range
of applications, magnesium emerges as a noble platform for fabricating some new class of
therapeutic tools for potential applicability in bioimaging, eradication of multiple drug-
resistant pathogens, development of wound caring material for accelerated healing, and

artificial mimetic enzymes.

In this thesis, we discussed the simple, facile synthesis route and surface functionalization
strategies that enable the precise control of the nanomaterial’s size, morphology, and
surface properties. In this regard, we exclusively synthesize ultrasmall magnesium
nanoclusters and magnesium-based gel via a biogenic approach for bioimaging and
antimicrobial application. These nanoscale materials are typically composed of magnesium
and various surface coatings such as lysozyme, BSA, and essential oil, which makes them
suitable for in vivo imaging applications and against microbial infection, minimizing

adverse effects on living systems.

Furthermore, we performed extensive post-characterization studies such as confocal
microscopy, in-vivo imaging system in rodents, in-vitro biocompatibility and
hemocompatibility, in-vivo biocompatibility, broad range pH stability, ionic strength,
quantum yield (relative and absolute), photostability and solvometric effect to affirm their

candidature toward cell labeling and imaging purposes. while essential oil-derived
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magnesium gels were used to investigate in-vitro and in-vivo antimicrobial responses in a
broad range of bacterial and fungal cells, along with CAM assay in chicken eggs to
interrogate its biocomtabilty and angiogenic response. In contrast, despite spanning several
decades, plenty of research was focused on calculating the nucleation rate of ultra-small
clusters in the low-temperature range (20°C to 100°C), but in the high-temperature range,
there was no engineered technology to calculate the same mathematically. To address this
issue, we employed thermogravimetric (TGA) analyses to calculate the nucleation rate of
ultra-small clusters in the high-temperature range and the corresponding conversions. In
addition, we address the challenges and future prospects of magnesium-based
nanomaterials in the biomedical field, including targeting efficiency and long-term
biodistribution. As research in this area continues to progress, it is expected that these
challenges will be addressed, leading to the development of even more sophisticated

magnesium-based nanomaterial with improved capabilities and therapeutic functionalities.

The current thesis work is divided into seven chapters.

Chapter 1 of the thesis covered a detailed description of nanoscience and nanotechnology,
along with their design and development strategy. It also provides insight into their
multidimensional applications in healthcare-related fields. This chapter provides the details
of the global market involved in commercial dye and other nanosystems available for
bioimaging. This chapter also provides a detailed discussion of mechanisms involved in
antibacterial properties with the effect of thermodynamic parameters and Kkinetic

parameters on size control and their colloidal stability.

Chapter 2 This chapter includes the role and advantage of magnesium-based nanomaterial
over conventional metals, followed by the development strategy of metallic magnesium

nanoclusters and their multimodal application in various fields. This chapter also gives
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insight into the origin of white light emission and its prospective application. In contrast,
this study also addresses the challenges associated with determining the nucleation rate and
interfacial energy at elevated temperatures, as well as the corresponding conversions. The
literature survey also addresses the antibacterial capabilities of the nanoparticles that were

synthesized.

Chapter 3 Explains a facile one-pot novel technique to synthesize multifluorescent metallic
magnesium nanoclusters by utilizing BSA protein and ascorbic acid as reducing and
capping agents, respectively. The prepared clusters exhibited tunable fluorescence, high
quantum yield, excellent photostability, wide-range pH, and ionic strength tolerability.
These multifunctional properties of magnesium nanoclusters are availed in labeling HaCaT

cell lines with negligible toxicity.

Chapter 4 of the thesis reports a novel strategy to estimate various parameters such as
activation energy, nucleation rate, interfacial energy, and thermodynamic parameters of
metallic magnesium nanoclusters using non-isoconversional thermogravimetric models at
high temperatures. The VVyazovkin AIC method was utilized to estimate activation energy,
which was found to be 159.56 kJ/mol. In this work, we proposed four different models for

the computation of nucleation rate and interfacial energy.

Chapter 5 provides the one-pot facile synthesis of multifluorescent metallic magnesium
nanoclusters using model protein lysozyme. The prepared clusters exhibit negligible
cytotoxicity, excellent water dispersibility, eminent photostability, and high absolute
guantum yield. Besides the in vitro study, this chapter includes in-vivo imaging,

hemocompatibility assay, and in-vivo toxicological study.

Chapter 6 This chapter reported the biogenic approach to synthesizing magnesium gel using

peppermint essential oil. This is the first kind of report on the generation of metallic
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magnesium-based gel by simple one-pot technique. Prepared gel utilized to combat
clinically relevant pathogens bacteria such as E. coli, S. aureus, and candida albicans
(fungus). The biocompatibility and angiogenic response of the prepared gel were examined

using CAM assay.

Chapter 7 of the thesis summarizes the whole study along with the future prospects of
prepared nanoclusters in various fields. The composition reported in this study primarily
focused on developing novel nanoplatforms for various applications by functionalizing
them with different capping agents. The current work is envisioned to contribute
significantly in the areas of science, engineering, and nanomedicine with targeted drug

delivery.
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